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THE RHEUMATIC DISEASES 


FOREWORD 


By Sm WILLIAM WILLCOX, K.C.I.E., C.B., C.M.G., M.D., F.R.C.P., 


Chairman of the Executive Committee of the Empire Rheumatism 
Council. 


THE appointment by the Royal College of Physicians in 1934 of 
the Special Committee on Chronic Rheumatic Diseases marked 
a great step forward in the campaign in this country against 
rheumatism in its many manifestations. 

This Committee formed a link in the International League 
against Rheumatism, which was instituted in 1925, and its 
formation at the request of the International Council constituted 
the British Committee on Chronic Rheumatic Diseases. 

With Sir Humphry Rolleston as chairman of the Committee 
of eighteen members, valuable advisory and consultative work 
was carried out. 

A most important and tangible activity of the Committee 
has been the publication of the four Annual Reports for 1935, 
1936, 1937 and 1938. 

Dr. C. W. Buckley, as Editor of these Reports, has given the 
Committee the advantage of his vast knowledge and great clinical 
experience of a subject of great diversity and difficulty. In 
addition, he has devoted an enormous amount of time and 
personal attention to the selection and collection of suitable 
papers and abstracts. A review of the subject-matter of the 
four Annual Reports exhibits a collection of some of the most 
representative contributions to the recent advances in our 
knowledge of Chronic Rheumatic Diseases. They form a record 
of which the Committee may well be proud, and for which they 
are deeply indebted to Dr. C. W. Buckley for his unremitting 
care and successful efforts. 

As a result of the national importance of the problems con- 
fronting it, the Committee on Chronic Rheumatic Diseases 
recommended to the Royal College of Physicians that the 
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inauguration of an Empire Campaign against rheumatism, 
composed of lay and medical members, would be the most 
effective method of carrying out the objects which they had at 
heart. 

On January 30, 1936, the Comitia of the Royal College of 
Physicians, with Lord Dawson of Penn in the chair, approved 
the proposal made by the Committee on Chronic Rheumatic 
Diseases that the existing Committee should act as the Scientific 
Advisory Committees to the major organisation to be set up for 
carrying out the work of the campaign, should it be so desired. 

On February 7, 1936, the Empire Campaign against Rheu- 
matism was inaugurated with Lord Horder as Chairman of the 
newly constituted body known as The Empire Rheumatism Council. 

The Committee of the Royal College of Physicians was 
appointed the Scientific Advisory Committee of the Empire 
Rheumatism Council, this consisting entirely of medical members 
with power to add to their numbers. 

Since that time the Empire Rheumatism Council has ‘ander: 
gone great developments. H.R.H. The Duke of Gloucester has 
graciously accepted the office of President and important and 
influential committees have been established. Valuable schemes 
of research have been instituted, including the establishment of 
three important research fellowships and several travelling 
scholarships. The Empire Rheumatism Council has given every 
encouragement to the institution of therapeutic research and 
the establishment and development of special clinics and hospitals 
for the treatment of rheumatic diseases. 

Among the manifold developments of the Empire Rheumatism 
Council has been included the scientific work formerly carried 
out by the Committee of the Royal College of Physicians, the 
existence of which is not now necessary since it has been replaced 
by the Scientific Advisory Committee of the Council. 

It is interesting to note that the wide developments of the 
Empire Rheumatism Council have brought home the fact that the 
link between acute rheumatism and chronic rheumatic diseases 
is much closer than was formerly recognised. It was often 
felt that the scope of the Committee of the Royal College of 
Physicians was hampered by the restriction of its field of work 

o ‘Chronic ’’ Rheumatic Diseases. The Empire Rheumatism 
Council has found it necessary for its sphere of work to include 
all the rheumatic diseases, whether acute or chronic. 
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It has for long been known that a special form of rheumatoid 
arthritis occurs in persons who have a history of acute rheu- 
matism in childhood, with permanent cardiac changes as a result. 
There is strong evidence that a knowledge of the etiology of 
acute rheumatism will go far to elucidate the causation of 
rheumatoid arthritis and the various forms of chronic rheumatic 
disease. Recent researches have shown that the morbid histo- 
logical changes in rheumatoid arthritis and acute rheumatism 
possess great similarities. Also, the bacteriological evidence 
supports the view that the invading streptococci in the two con- 
ditions are closely related. 

It must also be remembered that the prospects of success in 
the investigation of the ztiology of an acute febrile disease like 
acute rheumatism are much more clearly defined and hopeful 
than in the case of a chronic disease like chronic arthritis. 

The Empire Rheumatism Council is actively engaged in the 
organisation of a scheme of research into the etiology of acute 
rheumatism as it’ occurs in the naval training centres, and a 
special research fellowship has been established with this object 
in view. 


It will be of great interest to know that though the Annual 
Reports of the Committee of the Royal College of Physicians on 
Chronic Rheumatic Diseases will cease, their place will be taken 
by a new publication to be brought out under the egis of the 
Scientific Advisory Committee of the Empire Rheumatism 
Council. 

This new journal, under the title THe Rueumatic DIsEASsEs, 
will be published about three times a year by Messrs. H. K. 
Lewis and Co., who were so helpful in the publication of the 
excellent Annual Reports. It will be noted that the scope is 
wider than that of the former Annual Reports, since both acute 
and chronic forms of rheumatism are included. 

Dr. C. W. Buckley has most kindly undertaken the editor- 
ship of the new publication, with the collaboration of Dr. W.S. C. 
Copeman and Mr. A. G. Timbrell Fisher, and this will ensure the 
maintenance of the high scientific standard which has «harac- 
terised the former Annual Reports. 

It is intended that the new journal shall consist entirely of 
original papers and reports, specially selected for their value 
and interest, with the exception that the Annual Report of the 
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Empire Rheumatism Council will be bound up with it. The 
first number of the new journal contains interesting records of 
research into the type of organism responsible for the causation 
of acute forms of rheumatism. 

Dr. Mervyn Gordon shows the part played by a virus in the 
causation of experimental fibrositis and arthritis. Dr. G. Hardy 
Eagles discusses with an open mind the possibility of a virus 
participating in the causation of acute rheumatism, and Dr. 
Dyson makes a preliminary Report on the same aspect. Dr. 
A. B. Stewart has a valuable paper on the hemolytic strepto- 
cocci of the upper respiratory tract and their relation to acute 
rheumatism. 

The pathology of acute rheumatism and rheumatoid arthritis 
is dealt with in interesting contributions by Dr. Douglas H. 
Collins and Mr. A. G. Timbrell Fisher. Dr. J. Barnes Burt 
publishes an interesting account of a case of Heberden’s nodes 
in a girl 15 years of age. 

Reviews of the recent publications of Dr. David M. Kling 
on ‘‘ The Synovial Membrane and Synovial Fluid”’ and of Pro- 
fessor Ejnar Jarlov on “ Focal Infection and Arthritis in the 
Light of Experiment’’ complete this issue. A second number 
will appear in May. 

Dr. C. W. Buckley and his colleagues are to be congratulated 
on the new outlook comprehended in the first publication of 
THE RuHEvMATIC DISEASES, and, in view of the great activity in 
so many departments of research into the many manifestations 
of rheumatic diseases, they may rest assured that they will find 
no lack of material for the publication of the subsequent numbers 
of this valuable journal. 


i 
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EXPERIMENTAL FIBROSITIS DUE TO A VIRUS, 
AND SOME OBSERVATIONS ON THE EXPERI- 
MENTAL PRODUCTION OF ARTHRITIS* 


By MERVYN H. GORDON 


EXPERIMENTS WITH A VIRUS 


OBSERVATIONS were made in the first place with a pathogenic 
strain of variola-lapine, the M4 strain of Tulloch originally 
raised by Sobernheim by inoculating rabbits with smallpox 
crusts. In order to develop its virulence to the fullest degree, 
this virus was first passaged through the testis of a series of 
rabbits. The chief material used consisted of a 1:50 suspension 
of the passage testis in broth that was centrifuged for thirty 
minutes at 3,000 r.p.m. to remove the heavier particles. The 
clear supernatant fluid was sterile on culture and active on the 
rabbit’s skin up to a dilution of over 1:1,000,000. In some 
experiments a broth suspension of the young papules on the 
rabbit’s skin three days after scarification was employed, and 
the results were similar. 

The inquiry was undertaken expressly in view of the present 
discussion, and the primary object was to see if by repeated 
doses venously this M4 virus produced malignant endocarditis 
in rabbits. It was found, however, that by giving two doses 
venously separated by an interval of four days the rabbits 
developed symptoms of arthritis (limp on moving). When the 
dose was too large or the virus especially virulent a polyarthritis 
developed, but usually only one hind leg was affected. On 
palpating the affected joint the lesion was found to be peri- 
articular rather than articular, and the commonest site was 
in the region of the insertion of the tendo Achillis (see Fig. 1). 
These periarticular swellings never suppurated, and if left alone 
gradually cleared up. When the rabbit was killed at an early 

* Discussion on the Aitiology of Acute Rheumatism and Rheumatoid 


Arthritis. B.M.A. Annual Meeting, Plymouth, Pathology Section, July 20, 
1938. 
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stage of the lesion and the skin removed, the subcutaneous 
tissue was found to be charged with a serofibrinous exudate 
that was sterile on culture, and contained the virus up to a 
dilution of over 1:1,000,000 at first, later only to 1:1,000, and 
later still (eleventh day) none at all. Titration of the blood 
and spleen at the time that the virus was most abundant in the 
lesion only showed the virus up to 1:10 or less. The gland 
draining the affected area (usually the popliteal) contained the 
virus in almost as great an amount as the exudate. 

These periarticular swellings, therefore, that generally ap- 
peared within a day or two of the second venous injection, and 
sometimes before, were due to the active proliferation of the virus 
at that site at a time when it was relatively scarce elsewhere in 
the body. Chief interest, however, attaches to the sections of 
the affected tissues, for these clearly showed two things: First, 
that the cells of the exudate mainly consisted of lymphocytes; 
and, second, that the brunt of the attack was on the fibrous tissue, 
especially the covering sheaths and aponeuroses of the vessels, 
nerves, and tendons— in short, a fibrositis. In at least one case 
the periosteum also was involved. As these changes recalled 
those described in his book by Ralph Stockman, the pioneer on 
this subject, I asked him to look at some of the sections, which 
he very kindly did, and he permits me to say that in his opinion 
these lesions produced in rabbits by M4 virus are similar to those 
of rheumatic fibrositis in man. At the same time he is of opinion 
that similar changes can be produced by other agencies—e.g., 
trauma, etc. Nevertheless, the experimental production of peri- 
articular fibrositis in rabbits by the local multiplication of a 
virulent strain of lapine introduced by the venous route is 
sufficiently interesting in relation to the genesis of rheumatism, 
since fibrositis is one of its most prominent clinical features and 
bacteria appear to be absent. When the virulence of the M4 
virus became attenuated, periarticular lesions were no longer 
produced by it, but after repassage this power was regained. 


ConTROL OBSERVATIONS 


Conirol observations were made by injecting rabbits venously 
in the same way with normal horse serum, and with one-day 
broth cultures enriched with rabbit serum of a number of bacteria. 
Two doses of 1 c.c., followed by a third dose of 2 c.c., gave negative 
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results in case of the horse serum, B. coli, and Staphylococcus 
epidermidis respectively. A virulent specimen of Staphylococcus 
aureus killed the rabbit with septicemia in twenty-four hours 
after the intravenous injection of 1 c.c. The culture was diluted 
1 : 10 in broth and no arthritis was produced by 1 e.c., followed 
four days later by 2 c.c., but after a third dose of 4 c.c. severe 
arthritis occurred in one joint (knee) accompanied by considerable 
swelling of the whole joint. By far the most active organism, 
however, up to the present of those tested for producing arthritis 
in the rabbit by the venous route is Streptococcus hemolyticus, 
of which a strain, ‘‘ David,’”’ given to me by Dr. L. P. Garrod, 


Fic. 1.—Drawinc or Hinp LEG or RABBIT WITH SKIN REMOVED TO 
SHOW THE USUAL SITE OF THE PALPABLE SWELLING BETWEEN 
THE TENDO ACHILLIS AND BONE PRODUCED BY THE M4 VIRUS WHEN 
INJECTED INTRAVENOUSLY. 


was chosen. It had been isolated from the tonsil and was 
selected because it was not sufficiently pathogenic to kill the rabbit 
by septicemia. With 1 c.c., or 0-5 c.c. sometimes, of a one-day 
serum broth culture of this streptococcus arthritis was frequent 
after the second dose. As a rule the arthritis seemed to be limited 
to the joint, but in some a periarticular swelling could be felt 
around the tendo Achillis. Further investigation of this strepto- 
coccal arthritis has not yet been made. It may be of interest to 
state that a rabbit that had received two small doses of the living 
streptococcus without arthritis developed it later on receiving 
a large dose venously of hemolytic streptococcus killed by 
heating it to 65° C. 
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Lig 


Fic. 2.—Low-Power View or A SECTION THROUGH THE SUBCUTANEOUS 
SWELLING NEAR THE Ricut TENDO ACHILLIS OF R.39, SrxtH Day. 


Note the background of serofibrinous exudate the cells of which consist 
chiefly of lymphocytes, and the foci in the connective tissue supporting 
two groups of bloodvessels and nerves. The M4 virus was present 
in this exudate up to a dilution of 1 : 10,000,000. 


Fic. 3.—ONE OF THE FOCI AS SEEN IN FIG. 2, UNDER A HIGHER POWER. 


The connective tissue framework around the vein, artery, and nerves 
is swollen and inflamed, and a mass of lymphocytes is present in 
the sheathing of a nerve. 
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MIXTURE OF VIRUS AND STREPTOCOCCUS 


The next step was to see the effect of mixing the M4 virus 
with the David streptococcus. Preliminary experiments were 
made to find the minimal dose of each that gave rise to arthritis 
or periarthritis when given by vein, and then one-half and one- 
quarter respectively of that amount of each was pooled and tested. 
Evidence was found that arthritis production was increased by 
mixing the virus and streptococcus in this way, and I was surprised 
to find that the virus alone could be recovered from the lesions 


Fic. 4.—LATER STAGE OF THE SAME PROcEss, R.40, ELEVENTH Day. 


Fibrocytes are now in active proliferation and fibrosis is in progress. 


and elsewhere in the affected animals. On repeating the experi- 
ment by the intracutaneous route the streptococcus again dis- 
appeared, the virus surviving. At that point I was reminded 
of an observation made by Craigie and Tulloch in course of their 
study of vaccinia and recorded in their report to the M.R.C. 
in 1931—namely, that rabbit pulp containing vaccinia virus exerts 
an inhibitory effect in vitro on staphylococcus when mixed with 
it in an agar plate, a property not manifested by similar pulp 
prepared from the normal rabbit, and therefore due to the virus 
itself. I have tried to see whether M4 virus has a similar inhibi- 
tory effect on the David streptococcus in vitro, but so far the 
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results have not been decisively positive. The whole matter is 
still sub judice. 

In conclusion, [ would like to emphasise two points: (1) That 
the experimental production of arthritis in rabbits is worthy 
of closer investigation, and (2) that the disappearance of the 
hemolytic streptococcus when it was mixed with the M4 virus 
and injected into the rabbit’s tissues seems to suggest a possible 
explanation of a difficulty many have felt in accepting the 
hemolytic streptococcus as a primary factor in the rheumatic 
process. This difficulty is that, in spite of the presence of acute 
and intense inflammatory changes in the rheumatic tissues, films 
and cultures from these lesions have in the hands of most of us 
remained sterile, thus presenting a great contrast to the result 
given by similar tissues in an ordinary case of streptococcal 
septicemia, in which the films and cultures are swarming with 
the same organism. Should a virus-like agent be present in the 
tissues during rheumatism that inhibits the growth of the hzemo- 
lytic streptococcus its failure to grow can readily be understood. 

In the following tables further details are given of the experi- 
ments summarised above: Table I, with the M4 virus alone; 
Table II, with control materials; and Table III, with the mixture 
of virus and hemolytic streptococcus. The illustrations show the 
periarticular lesions produced by the M4 virus by the venous 
route when its virulence had been raised by passage in the manner 
described. 


TABLE I. 
M4 VIRUS R.39: Frerositis EXPERIMENTS 

(SLAIN 6x 24 Hours) 

3.3.38: 0-5 c.c. M4 virus venously. 

4.3.38: Nil. 

7.3.38: 1-0 c.c. M4 virus venously. 

8.3.38: Swelling round right tendo Acbillis. 

9.3.38: Swelling increased. Slew rabbit. 

P.M.—In subcutaneous tissues round right tendo Achillis is a sero-fibrinous exudate. 

Popliteal gland (R.) enlarged. 
Cultures.—Heart’s blood, spleen, gland, exudate, all sterile. 


Virus: 10) :190 1,000 |1 : 10,000 100,000 1:M/}1:10M 
Popliteal gland + + + | + + } — = 
Exudate .. + + | + | + | + + 


+ = Vaccinia lesion developed on rabbit's skin. 
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Fic. 5.—Low-PowrerR View OF SECTION THROUGH THE BONE (ULNA), 
PERIOSTEUM, AND MUSCLE NEAR AFFECTED JOINT OF THE LEFT 
ForRELEG OF R.42, Day. 

Note the periostitis, fibrositis, and interstitial myositis—the inflammation 
spreading in the connective tissues between the bundles of muscle 
fibres. The M4 virus was present in this exudate up to a dilution of 
at least 1 : 100,000. 


Fic. 6.—PorTION OF THE SAME SECTION UNDER A HIGHER POWER TO 
SHOW THE CHARACTER OF THE CELLULAR EXUDATE BETWEEN THE 
MuscLe BuUNDLEs. 


} 
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Fics. 7 anp 8.—PHOTOGRAPH OF R.48 TWELVE DAYS AFTER RECEIVING 
INTRAVENOUSLY A DOSE CONSISTING OF EQUAL Parts or M4 Virus 
AND HaMoLyTic STREPTOCOCCUS. 


Fig. 7 shows the rabbit at rest in the cage with its right forepaw retracted. 
In Fig. 8 the right foreleg is being lifted, but the movement is 
limited owing to arthritis of the right elbow-joint that on palpation 
was found to be swollen and rigid. Later on this cleared up and 
normal movement was regained. 
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M4 VIRUS R.42: Frprositis EXPERIMENTS (SLAIN 
7x24 Hours) 

28.3.38: 1-0 c.c. virus venously. 

30.3.38: 2-0 c.c. virus venously. 

31.3.38: Nil. 

1.4.38: Periarthritis right ankle. This increased and the other ankle affected; also 

left “* wrist.” 
4.4.38: Slew R. 
P.M.—Cultures.—Blood, spleen, popliteal gland (R.), and ankle exudate sterile. 
Virus: 1:10 1: 100 1:1,000 1: 10,000 1: 100,000, 1:M/1:10M 


Spleen... ow | 
Popliteal gland (R.) | + + + " ‘ 
Popliteal gland (L.) | + + + a es 


Wrist (L.) exudate | ~ + + + + 


t — 


TABLE II.—ARTHRITIS EXPERIMENTS 


CONTROLS. 


Result. 
Material. Dosage. 
Normal horse serum 27.5: lc.c. | Nil. 
31.5: 1 cc 
13.6: 2 ¢.c 
Staphylococcus epidermidis Ditto Nil. 
serum broth 
B. coli serum broth a Ditto Nil. 
Staphylococcus aureus .. Ditto Dead of septicemia 24 hours. 
Staphylococcus aureus 1 c.c. Nil after first two doses. Arth- 
1 : 10 dilution 2 €.C. ritis R. knee after third. 
4 
t Streptococcus hemolyticus l ce. Two days after second dose, 
' serum broth 2 c.c. swelling round R._ tendo 
Achillis and arthritis. 
y Streptococcus hemolyticus 1 c.c. Arthritis R. elbow after second 
serum broth dose. 
c.c 


Streptococcus hamolyticus 0-5 Nil. 
serum broth 0-5 c.c. 


© 
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TABLE III.—ARTHRITIS EXPERIMENTS: 
EQUAL PARTS VIRUS M4 AND STREPTOCOCCUS HA:MO- 


ADMIXTURE OF 


LYTICUS 
Experiment I. 

Material. Dose. Result. 
Streptococcus only .. 1 c.c Arthritis. 
Streptococcus only .. 0-5 c.c Nil. 
Virus only 1 c.c. Nil. 
Streptococcus and virus | | Arthritis. 

Experiment II. (3x 24 Hours from Start). 

Material. Dose. Result. 
Streptococcus only .. 0-5 c.c. Nil. 
Streptococcus only .. 0-25 c.c. Nil. 
Virus only 0-5 Nil. 
Virus only 0-25 c.e. Nil. 
Streptococcus and virus Arthritis. 
Streptococcus and virus en | Arthritis. 
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SOME INCIDENTAL OBSERVATIONS ON THE 
POSSIBILITY OF A VIRUS AS PART CAUSAL 
FACTOR IN RHEUMATISM 


By C. B. DYSON, 


Research Fellow, Empire Rheumatism Council. 


THE following observations, though inconclusive, are recorded 
because they seem to have some relevance to the question of a 
virus as part causal factor in rheumatism. 

I. A case of multiple arthritis of some duration, with de- 
formities and X-ray rarefaction (sedimentation rate unknown), 
developed a very acute exacerbation in one knee-joint. Fluid 
from this joint was sent to the author for examination. Films 
showed a number of polymorphonuclear leucocytes and some 
lymphocytes, but no organisms. Culture on a large selection of 
media, aerobically and anaerobically, showed no infection even 
after prolonged incubation. A portion of the fluid was injected 
intraperitoneally into a guinea-pig. This pig remained apparently 
well for three months, when it died quite suddenly. Post- 
mortem showed an extremely distended pericardium. No other 
lesion was observed. The fluid from the pericardium was dealt 
with in three ways: (a) It was injected direct into the peritoneum 
of another pig; (0) it was planted into broth containing chopped- 
up portions of the dead pig’s spleen; (c) it was planted on to a 
blood-plate, and the colony growing on the plate was subcultured 
into broth. 

0-2 c.c. of tenfold serial dilutions of (b), the first spleen-broth 
culture, and 0-2 ¢.c. of similar dilutions of (c), the broth sub- 
culture from the blood-plate, were injected into pigs. The 
following results were observed : 

1. Pig injected with (a), the direct pericardial fluid, remained 
apparently well for two months, and then died suddenly as 
from acute heart failure, with P.M. appearance similar to the 
original pig. 

2. Pigs inoculated with the spleen-broth culture died as 
follows: with the strong dilutions, they died of septicemia within 
three days with no gross sign of pericarditis; with the weak 
dilutions they remained perfectly well for two to three months, 
and then died suddenly in the manner of the first pig with similar 
P.M. appearances. 

15 
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3. Pigs inoculated with (c), the broth subculture from the blood- 
plate, showed the following results: those with the strong dilu- 
tions died within three days of septicemia; the others remained 
perfectly well even after twelve months. 

The pericardial fluid from one of the pigs dying after two 
months was again dealt with in the manner described above, and 
with the same results. 

Pericardial fluid from one of the second group of pigs was 
again dealt with in the same way. But on this, the third passage, 
the experiment failed: the pig receiving the direct pericardial 
fluid lived, and all the other pigs, except those receiving the strong 
culture dilutions and dying within three days, remained perfectly 
well. The phenomenon of death at two to three months with a 
very distended pericardium was lost. 

The organism proved to be a pneumococcus Type 19 (curiously 
enough, the patient subsequently developed pneumonia, but 
unfortunately the pneumococcus was not typed). Pneumococcus 
Type 19 is particularly virulent to pigs, but I am not aware of 
its capacity to produce death at the above delayed interval with 
pronounced pericardial distension. There may be several ex- 
planations of the above phenomenon, but the hypothesis which 
appeals to me is that there was a virus in the synovial fluid which 
energised the pneumococcus in weak doses, and which died out 
on the third passage. 

II. A case of arthritis had a relapse accompanied by a sore 
throat. Unfortunately skiagrams of the joints and sedimenta- 
tion rates were not obtainable. A broth gargle was procured 
which was kept at cool room temperature overnight, and delivered 
to me next morning. This broth was etherised to kill the 
organisms present and culture thereafter proved it sterile for 
bacterial organisms. It was then placed in the incubator at 
35° C. for six hours (this temperature being adopted on the 
assumption that any virus on the surface of the throat where 
inspired air was passing might prefer a lower temperature than 
37° C.). At the end of this time the broth was divided into two 
portions: (a) was formalised with 0-5 per cent. formalin in the 
hope of procuring a vaccine; (b) was divided into two portions of 
which one was untreated and the second was heated at 65° C. 
for an hour. (These were deliberately not centrifuged, in case 
any small amount of virus present should have been adsorbed 
on to any organisms present.) The portion heated at 65° C. 
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was injected into the pad of a pig without any appreciable re- 
action resulting. The unheated portion injected into another 
pad produced a mild reaction. This pad was ground up in broth 
(2 c.c. of broth to the pad) and 0-2 ¢.c. of the resulting lightly 
centrifuged emulsion was injected into the pad of another 
pig. This produced a still milder reaction than the first 
unheated pad. This second passage pad was dealt with as 
above described, and 0-2 c.c. injected into a third pad. This 
produced no reaction: the reacting agent had either died out 
or been diluted out. 

The formalised portion made for a vaccine was given (0-2 c.c. 
dose of ;,)55 dilution) to three rheumatoid arthritis patients with 
unsatisfactory results: each patient had a very marked exacerba- 
tion of the joint condition. 

III. An experiment, introduced to me by Dr. Mervyn Gordon, 
was undertaken on the energising power of M4 testicular passage 
vaccinia virus on hemolytic streptococcus in producing arthritis 
in rabbits. The original David hemolytic streptococcus was 
found on subculture to contain two varieties: (1) a medium- 
sized flat colony growing smoothly in serum broth; and (2) a 
small colony tending to show granularity in serum broth. Six 
rabbits were available for this experiment and were injected as 
follows: 


1. 0°25 c.c. virus M4 alone. 

2 a David small streptococcus alone. 

3 » large 

4, oe virus plus 0°25 c.c. David large streptococcus. 


Injections were given every fourth day intravenously. Two 
days after the fourth injection rabbits 4, 5, and 6—+.e., rabbits 
given streptococcus plus virus—had all developed limps. The 
rest showed no sign of limping. 

Rabbit 6 unfortunately died of pericarditis a few days after 
developing a limp before gross changes in the joint had had time 
to develop, though the limp was well marked at the day of death. 
Rabbits 4 and 5 have developed gross lesions, and are being kept 
to observe the progress of the joint condition. This result 
confirms Dr. Mervyn Gordon’s original experiment. 


(I wish to thank Dr. Taylor for assistance with the rabbit 
experiment.) 
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A VIRUS IN .RHEUMATISM 


By G. HARDY EAGLES, 
The Lister Institute, London 


A VARIETY of organisms have from time to time been believed 
to have etiological significance in rheumatism. Chief amongst 
these are streptococci and, in acute rheumatic fever, the hemo- 
lytic streptococcus. It is well recognised that infection with this 
organism is a common occurrence in this disease, and although 
an enormous literature points very strongly to its importance 
in the clinical course and in precipitating relapses, streptococci, 
in common with all other agents to which causal significance 
has attached, have not been proven to be directly responsible. 
This rests upon the fact that the true picture of rheumatism 
has never been produced experimentally. The evidence, strong 
though it may be, is still purely circumstantial. There has long 
been a growing tendency to consider the possibility of a virus 
being implicated either solely or in conjunction with organisms 
such as streptococci, and attempts have been made in the past 
to show that this is the case. It was not, however, until 1935, 
when Schlesinger, Signy and Amies published the results of their 
researches on the etiology of acute rheumatism, that any support 
was given to this interesting hypothesis. These authors used 
the high-speed centrifuge to obtain from rheumatic exudates 
deposits of particles, morphologically similar to elementary bodies 
from known viruses, from which suspensions were prepared. 
When these and sera from patients who were suffering from and 
resisting an acute rheumatic infection were set up in hanging- 
drop preparations, agglutination of the particles was observed 
microscopically. Suspensions of particles from non-rheumatic 
sources remained unagglutinated by these sera set up in the 
same way. It was therefore suggested that the particles thus 
isolated from rheumatic exudates were true virus bodies and 
represented the actual infective agent of the disease. Adequate 
controls were used throughout. From analogy with the behaviour 
of known virus suspensions, such as vaccinia, in the presence of 
18 
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immune serum, the evidence from the standpoint of agglutina- 
tion was, at least, highly suggestive. There remained two main 
avenues of inquiry to be explored. First, to apply similar 
technique to other members of the rheumatic group of diseases 
to discover, if possible, a common factor; and second, and most 
important, to ascertain if these particles could be shown to 
possess infectivity. It must be clearly understood that morpho- 
logical and serological data are not sufficient proof that these 
particles are true virus bodies, or that they are the causative 
agent of the disease from which they were isolated. 

Eagles, Evans, Fisher and Keith (1937) have repeated the 
work of Schlesinger and his co-workers, and at the same time 
extended their observations to include rheumatoid arthritis and 
acute chorea. By methods of high-speed and differential cen- 
trifugation they obtained particle suspensions from pericardial, 
pleural and joint fluids and fibrin in “ bread and butter ”’ peri- 
carditis from cases of acute rheumatic fever, from joint fluids, 
joint washings, and synovial membrane in rheumatoid arthritis, 
and from cerebro-spinal fluid in a fatal case of chorea with 
carditis and nodules. These suspensions in stained smear 
preparations and under dark-ground illumination were indis- 
tinguishable from known virus elementary bodies. They also 
bore a close resemblance to suspensions prepared from exudates 
from non-rheumatic sources. Suspensions of particles may be 
prepared from any infective pathological exudate and cannot 
be distinguished on morphology alone from rheumatic sus- 
pensions. 

Since these particles are not confined to rheumatic infection, 
agglutination reactions were used to test their relation to rheu- 
matism. The technique used was identical with that employed 
by Schlesinger and his co-workers. Equal parts of suspension 
and test serum in suitable dilutions were mixed in hanging-drop 
preparations, incubated at room temperature and examined on 
successive days by low power of the microscope. Positive 
agglutination was shown by the presence of small, highly refractile 
clumps appearing after twenty-four to forty-eight hours. In 
negative tests the suspension settled out on the bottom of the 
drop in an even ground-glass-like deposit. Sera were selected 
to include patients suffering from rheumatism of various types 
acute rheumatic fever, acute, subacute and chronic rheumatoid 
arthritis, chorea with and without carditis, and an occasional 
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case of Still’s disease. The rheumatic group included the disease 
in all stages, although the majority were in the active stage with 
evidence of widespread infection, such as carditis, pericarditis, 
subcutaneous nodules, pyrexia and increased erythrocyte sedi- 
mentation rate. A control group of sera included cases of 
widely differing clinical diseases, but excluding those with a 
history of rheumatism. A number were selected on the basis 
of high erythrocyte sedimentation rate, of a very strongly 
positive Wassermann complement fixation reaction and of 
pyrexial states of non-rheumatic origin. 

Cross-agglutination tests were also made for the presence of 
an antigenic factor common to the members of the group of 
rheumatic diseases. 


TABLE I.—SUSPENSIONS FOR AGGLUTINATION 


|  Agglutination with Serum 


| Number from: 
Specimen. — of Sus- Disease. 
pensions. | 
Rheumatic Rheumatoid ] 
| Fever. - Arthritis, | Chorea. 
Pericardial 7 Fatal rheu- 7+ 3+ | 3+ 
fluid matic fever | 
Fibrin from | 2 Ditto Not Not 
pericarditis | tested tested. 
Pleural fluid 3 Rheumatic = 3-+}- Ditto 1+ 
fever 
Joint fluid 3 Rheumatoid | 2-\- 3+ | Not 
arthritis | | tested. 
Joint washing 1 Ditto | 0 Not | Ditto. 
| tested 
Synovial mem- 1 Ditto Not 1+ Ditto. 
brane tested 
Cerebro-spinal 1 Chorea with 1+ Not |} 1+ 
fluid carditis and tested | 
nodules | 
Controls. | 
Pericardial 3 (1) Cor bovi- 0 Not | Not 
fluid num | tested | tested 
| (2) Bacterial 0 | Ditto Ditto. 
| endocarditis 
| (3) Heart 0 Ditto | Ditto. 
failure 
Pleural fluid 1 Tubercular 0 Ditto Ditto. 
pleurisy 
Vaccinia .. |. 1 Lapine 0 Ditto Ditto. 
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Table I. presents schematically the suspensions tested, their 
source and their behaviour in agglutination tests with sera 
from cases of rheumatic fever, rheumatoid arthritis and chorea. 
The control suspensions included vaccinia virus, because the 
appearance and serological reactions of this virus, having been 
the subject of widespread research, are well known. These 
control suspensions were tested with rheumatic fever sera 
only. 

The results of agglutination tests made with these suspensions 
and sera from patients may be summarised as follows: Of 
263 specimens of serum from cases of active rheumatic fever, 
123 agglutinated suspensions obtained from acute rheumatic 
fever. Of nine sera from inactive rheumatic fever, four reacted 
positively. Of eight cases of chorea, five reacted positively. 
Of twenty-one cases of rheumatoid arthritis, seven reacted 
positively. Twenty-one control sera gave no agglutination with 
these acute rheumatic fever suspensions. When a proportion 
of these sera was tested with suspensions from rheumatoid 
arthritis and a fatal case of chorea, the distribution of positives 
and negatives was very similar to that observed with suspensions 
from rheumatic fever. 

Particle suspensions from non-rheumatic sources were not 
agglutinated by the test sera. 

Cross-agglutination, therefore, occurred with sufficient regu- 
larity to point to an inter-relationship between acute rheumatic 
fever, rheumatoid arthritis and chorea. This is not a new con- 
ception. Dawson and Tyson (1936) concluded that rheumatic 
fever and rheumatoid arthritis were intimately related on the 
grounds of familial relationship, geographic distribution, initiating 
factors, seasonal incidence, age incidence, clinical manifestations 
in different age periods, pathological similarity of the sub- 
cutaneous nodules and streptococcal immunological findings. 
Fisher (1937), on histological evidence, also concluded that the 
two diseases were intimately related. Collins (1937), however, 
in a histological study of the subcutaneous nodules in both 
diseases, found insufficient evidence of resemblance to postulate 
either a close relationship or a common etiology. 

An attempt was made to assess the importance as judged 
by agglutination of different clinical factors in acute rheumatic 
fever. 

The following table shows the results 
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with suspensions from rheumatic fever, rheumatoid arthritis, 
and chorea with sera from cases presenting well-marked phases 
in the course of rheumatic disease: 


TABLE II. 


| 
| Agglutination of Suspensions 
| rom: 
| Number Chorea 
Sera Type of Case. of Cases. Rheumatic Rheumatoid (Cerebro- 
| Fever. Arthritis. | spinal 
| | | fluid). 
| 
+ O + O 
Active rheumatic fever 4 2 2 1 2 —_—_ — 
without carditis or 
chorea 
Active rheumatic fever 67 31 36 12 7 | 5 2 
with carditis 
With subcutaneous 21 13 8 5 2; 2 — 
(a) nodules | 
Without subcutan- 44 17 27 7 &§ | 3 2 
eous nodules | 
(b) First attack a 28 17 ll 8 1; 3 — 
Recurrence 36 13. 23 4 | 2 
Recent throat in- 17 10 7 3 2 | 2 — 
(c) fection 
No known recent 46 20 26 9 6 3 2 
throat infection 
Inactive rheumatic fever 9 4 5 2 4 2 3 
Chorea alone 8 3 1 1 | 1 — 
Rheumatoid arthritis .. 26 7 14 
Control sera 21 0 21 0 1 | 0 1 
| 


Positive agglutination was not confined to sera from active 
cases. It was found difficult to assess the relationship of carditis 
to agglutination, since it is an almost constant manifestation of 
the acute type. The presence of nodules also did not run parallel 
to agglutination, though it was thought that a higher proportion 
of positive reactions occurred when they were present. A 
suggestively higher proportion of positives occurred during a 
first attack as compared with those suffering recurrence. In 
the control group of sera it was shown that pyrexial states, 
increased erythrocyte sedimentation rate or positive Wassermann 
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reaction were not responsible for the agglutination of the sus- 
pensions. 

In collaboration with Dr. W. H. Bradley, the Department of 
Medicine, University of Cambridge, a further and more prolonged 
study has been made in an attempt to determine, if possible, 
the precise relationship of the phenomenon of agglutination of 
the virus-like bodies from rheumatic exudates by sera of rheu- 
matic cases to the stages of rheumatic infection. This has 
necessitated frequent tests with each patient’s serum, since the 
clinical course included all the episodes common to the disease, 
including streptococcal infection. 

The study comprised cases of acute rheumatic fever, rheumatoid 
arthritis, infectious arthritis, chorea, and pyrexial states of un- 
known origin accompanied by joint manifestations. Agglutination 
occurred in quite a striking manner in the acute rheumatic fever 
and acute rheumatoid arthritis cases. Many of these cases, 
however, gave negative results. Agglutination was also obtained 
from sera from a number of cases of arthropathies unrelated 
to true rheumatic disease, so that it cannot be maintained 
that the reaction is confined to rheumatic fever, rheumatoid 
arthritis and chorea. It was, however, sufficiently striking in 
these diseases to uphold earlier observations that the phenomenon 
is a very real one, although its true nature is not at present 
understood. It is not yet possible in our series to assess 
accurately the relation of the agglutination test to strepto- 
coccal infection or other phases of the rheumatic cycle. 

Concurrently with serological tests infection experiments 
were carried out. Monkeys were used because of their generic 
relationship to man, in whom rheumatism is a naturally occurring 
disease. Suspensions from acute rheumatic fever, rheumatoid 
arthritis and chorea were injected intrapericardially, intra- 
peritoneally, intracerebrally, intravenously, intramuscularly, 
intratracheally, into the joint cavities and into the nasal mucosa. 
Suspensions were used with as little delay as possible, and were 
given alone and in combination with hemolytic streptococci 
and scarlet fever toxin. In some instances repeated doses were 
given by various routes. The suspensions were bacteriologically 
sterile. Constant clinical supervision was given to test animals, 
including frequent electrocardiograms and erythrocyte sedimenta- 
tion rates. In a series of thirty-five monkeys only certain 
animals call for comment. In two instances the clinical behaviour 
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suggested grave cardiac damage, as evidenced by dyspnea, 
pallor and cyanosis, gallop rhythm, and collapse. Electro- 
cardiographic tracings showed a P.R. interval of 0-09 second, 
as compared with 0-08 second, which appears to be normal for 
the rhesus monkey. In addition, “‘T”’ waves were inverted in 
leads I.andII. In one case suspension alone had been inoculated, 
and in the second, suspension plus toxin. At post-mortem 
neither endocarditis nor pericarditis was present, nor were there 
signs of such at any time during the illness. The valves were 
apparently normal. Pathological sections revealed a _ wide- 
spread and moderately severe myocarditis. Collections of in- 
flammatory cells were common near small vessels, and bore a 
superficial resemblance to Aschoff nodes. But the typical multi- 
nucleated cells were never found. The picture called to mind 
the lesions in experimental scurvy described by Taylor (1937), 
though they were much less severe. The pathological picture 
was, indeed, not sufficiently severe to account for the grave 
clinical symptoms, and up to the present an adequate explanation 
has not been found. It has not so far been encountered in a 
very considerable number of laboratory monkeys under observa- 
tion in other studies of this Institute. Myocarditis and myo- 
cardial degeneration occurred in other monkeys in the series 
in varying but mild degrees. In one instance it occurred when 
toxin alone was injected, and thereby prevents any conclusion 
being drawn that it is a result of the action of suspension alone 
or in combination with toxin, especially in view of the fact 
that, in a series of nine control monkeys, some degree of myo- 
carditis with increased cellularity was found in three instances. 
It is possible that myocarditis of a chronic type is due to some 
common infection in laboratory monkeys. 

In our animals slight cedema in one or more joints with some 
tenderness has occurred, but was of mild degree. Subcutaneous 
nodules have never been observed. Some increase in erythrocyte 
sedimentation rate has been observed in one instance, but it 
must be remembered that increased rate is not confined to 
rheumatic infection. 

The average P.R. interval in the electrocardiogram of the 
rhesus monkey appears to be about 0-08 second when the heart 
rate is approximately 240. An interval exceeding 0-08 second 
was found when suspension alone was injected with toxin alone, 
and when the two were combined. The P.R. interval in these 
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instances never exceeded 0-09 second. This may be without 
significance, and may be within normal limits for the monkey. 
Inversion of “‘ T ”’ waves in leads I. and II. and flat T, in lead I. 
also occurred, but these also did not appear to be associated only 
with injection of toxin. In view of the severity of the clinical 
condition in the two monkeys and the lack of typical patho- 
logical findings, it would be unwarranted to attach undue sig- 
nificance to these abnormalities in electrocardiographs, since 
these in the human subject are not confined to rheumatic 
carditis. 

In view of serological findings and our failure to reproduce 
the picture of rheumatic disease in animals, it may be well to 
consider the attitude which should be taken in future work. 
The Aschoff node and non-bacterial verrucous endocarditis and 
pericarditis are confined to acute rheumatism in the human 
subject. Gross, Loewe and Eliasoph (1929) adopted these as 
the criterion of the experimental disease for their work. It 
may be necessary to modify this attitude, for experience may show 
that these conditions cannot be reproduced in any animal other 
than man. Instances of human diseases, whose exact counter- 
part has not been reproduced in experimental animals, may 
readily be found (scarlet fever, chicken-pox, herpes zoster). 

Since definite infective properties have not been shown for 
these virus-like bodies, we are confronted with the necessity of 
explaining the serological findings. There are two main views 
to be taken. First, they may be virus particles, but cannot 
be proven so in the absence of a suitable experimental animal. 
Second, the reaction may have some definite specific relation- 
ship in the disease, but the actual particles have no etiological 
significance. Proteus X19 in typhus, the precipitinogen described 
by Hughes (1933) in yellow fever, which was shown by infectivity 
tests not to be the virus itself, though the reaction with immune 
serum was specific, and the work on a fraction extracted from 
the pneumococcus by Tillet and Francis (1930), which gave a 
precipitin reaction ‘with the sera of patients in a pyrexial state, 
may be quoted as examples. 

It now seems reasonable to assume that rheumatic disease is 
a complex one in which many factors which are not understood 
may play important parts. No one seriously doubts the im- 
portance of streptococci in rheumatism, and it has even been 
suggested that these particles may be a product of streptococcal 
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infection. Against this view is the fact that sera from strepto- 
coccal infection in the absence of a rheumatic history have not 
given positive agglutinations. Nor must the possibility of the 
role of states of metabolic imbalance be forgotten. 
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THE IDENTIFICATION OF THE HAMOLYTIC 
STREPTOCOCCI, WITH SPECIAL REFER- 
ENCE TO THOSE OF THE UPPER RESPIRA- 
TORY TRACT 


By A. B. STEWART 
(From the Department of Bacteriology, University of St. Andrews) 


SincE the streptococcus was first suspected as being the etio- 
logical agent in acute rheumatism evidence has been gradually 
accumulated in support of this statement, and, since Coburn 
(1931) named the hemolytic streptococcus as the causative 
variety, much additional work has been done. At the 1938 
meeting of the British Medical Association many speakers 
supported this view, Green (1938) reporting a series of 200 cases 
of acute or subacute cases of rheumatism (58 per cent. had 
hemolytic streptococci in the naso-pharynx at the onset of the 
rheumatic syndrome), and Gordon (1938) reported experimental 
work which appeared to reconcile the streptococcus and virus 
theories of the etiology. In this work arthritis was produced 
in rabbits by a combination of vaccinia virus and hemolytic 
streptococci. 

In view of the importance of the hemolytic streptococci, 
most probably as the actual cause, or as an essential contribu- 
tory factor, the accurate identification of the hemolytic strepto- 
coccus must be of great importance. Willcox (1938) stressed 
the importance of recent advances in bacteriological technique 
as a cause of the advance in the knowledge of the etiology 
of acute rheumatism. 

In this communication methods of isolation, appearance on 
blood plates, heemolysin production, fibrinolytic activity, colony 
appearance, and serological methods will be discussed. It will 
be noted that discussion of fermentative reactions has been 
omitted. The variability of such reactions in the case of the 
hemolytic streptococcus and the difficulty of reconciling the 
grouping by this method with other classifications seem sufficient 
reason for the exclusion of the fermentative reactions as a means 
of differentiation. | 
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METHODS OF ISOLATION FROM THE UPPER RESPIRATORY 
TRACT 


(1) From the Throat.—Throat swabs were taken in a manner 
similar to that used in the examination for C. diphtheriew. The 
swab was then applied to an agar plate containing 5 per cent. 
rabbit blood. The material from the swab was deposited by 
lightly touching the plate and then spread over the plate by a wire 
spreader. The plate was then incubated at 37° C. overnight 
and examined for colonies showing a clear ring of hemolysis. 
When such colonies appeared they were picked off and inoculated 
into semi-solid agar for further investigation. The choice of 
rabbit blood for plates and the reason for the further test by the 
extended method will be discussed in a later section. 

(2) From the Naso-pharynx.—West’s swabs were used and 
specimens obtained in the usual manner. Plates were inoculated 
and examined as in the case of throat swabs. 

(3) From Enucleated Tonsils.—Tonsils received after tonsil- 
lectomy operations were treated in the following manner: Both 
tonsils were macerated in 5 c.c. of nutrient broth, and filtered 
through a double layer of sterile gauze. A loopful of the filtrate 
was then inoculated on to a rabbit blood agar plate and examined 
in the usual manner. Repeated inoculations of the filtrate were 
made if the initial inoculation of the filtrate proved unsuccessful. 
When the streptococci were overgrown by staphylococci the 
technique of Haxthausen (1927) was used, crystal violet 1/40,000 
and 1/80,000 being employed to restrain the staphylococci in 
broth culture. Blood plates were inoculated from the broth 
cultures after overnight incubation. In this way small numbers 
of streptococci were able to grow sufficiently in the broth to 
produce a considerable number of colonies on the plate. 


APPEARANCE ON BLooD PLATES 


Schottmiiller’s (1903) use of the blood plate to differentiate 
hemolytic from non-hemolytic streptococci was accepted by 
most as the method of choice, although McLeod (1912) and 
Lyall (1914), investigating hemolysin production by tube methods, 
found that the blood agar plate method, if unsupported by other 
tests, was unreliable. An improved technique in the blood plate 
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method was introduced by Brown (1919). Later Cumming 
(1927) further emphasised the unreliability of the blood agar 
plate and demonsirated that certain strains appearing hemolytic 
on human blood agar plates were not hemolytic on rabbit blood 
agar or by tube tests. These strains he designated pseudo- 
hemolytic. Despite the repeated demonstration of the fallacy 
of the unsupported blood agar plate test investigators relied on 
this method for many years. In recent years, however, an 
increasing use has been made of the tube test to corroborate 
plate findings. Cumming (1927) has suggested that this failure 
to realise the incompleteness of the blood plate method has led 
many observers to include non-hzemolytic strains in a hemolytic 
series. The non-hzemolytic strains are notoriously difficult to 
classify, and, introduced into a group of hemolytic strains, could 
cause endless confusion. 

The standard plates of Brown (1919) appear to have all the 
ingredients standard except the type of blood used. Horse 
blood appeared to have been used, but the limits laid down for 
standard plates do not preclude the use of blood from other 
animals. In view of Cumming’s work the type of blood used 
should also be standard in plate work. 

In an investigation of eighty-three consecutive specimens of 
sputum from tuberculous patients, sixty specimens were found 
to have streptococci which gave clear rings of hzmolysis on 
5 per cent. human blood agar plates. Of the sixty strains thus 
isolated, only four gave similar clear zones on 5 per cent. rabbit 
blood agar. The sixty strains thus isolated were replated, using 
blood plates containing human, sheep, horse and rabbit blood. 
The 5 per cent. human blood plates were used as a standard and 
by colorimetric methods the other plates adjusted to a uniform 
colour. Incubation of the plates resulted in the following find- 
ings: Of the sixty strains which gave hemolytic rings on human 
blood plates, fifty-three gave hemolytic rings on horse blood 
plates, forty-seven on sheep blood plates, and four on rabbit 
blood plates. Thus hemolytic rings were most readily obtained 
when human blood plates were used and slightly less readily 
in the case of horse and sheep blood plates. Rabbit blood plates 
gave the fewest strains showing hemolytic rings. In subsequent 
tests, as described in the next section, the four strains which were 
hemolytic on rabbit blood plates were the only strains to produce 
hemolysin in the tube test. The experiments showed that 
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division of streptococci of a certain character into hemolytic 
and non-hemolytic types by means of the blood plate method 
depended to some considerable extent on the type of blood used. 
Human, sheep and horse blood were all more readily lysed by 
certain strains on an agar plate than was rabbit blood. The 
streptococci mentioned were isolated from sputum and can be 
considered as a possible source of error if not identified as pseudo- 
hemolytic in a search for hemolytic strains. 


HA&MOLYSIN PRODUCTION AS SHOWN BY THE TUBE TEST 


McLeod (1912) improved the then existing technique for the 
production of hemolysin. He grew the organisms for twenty to 
twenty-four hours and then added 1 c.c. of a 5 per cent. suspension 
of washed ox blood cells. The smallest quantity of culture 
causing hemolysis was the minimum hemolytic dose. The 
culture medium used was peptone broth, with a small percentage 
of serum added. 

In the following experiments the technique of McLeod was 
closely followed. Whole cultures were used in preference to 
filtrates. Serial dilutions of eighteen-hour cultures were made 
and an equal quantity of a 3 per cent. suspension of washed blood 
cells added, the final volume being 0-5 c.c. The tubes were 
incubated at 37° C. for ninety minutes. Each strain tested was 
diluted 1 in 2, 1 in 4, 1 in 8, 1 in 16, 1 in 32, 1 in 64 and 1 in 128 
for the test; saline and serum controls were used. The optimum 
percentage of serum in the serum broth for the production of 
hemolysin varied with the type of serum used. With human 
serum 50 to 60 per cent. gave the greatest production of hzmo- 
lysin, 50 per cent. was the optimum figure with horse serum, 
60 per cent. with sheep serum, and 70 to 80 per cent. with rabbit 
serum. It should be noted that the term “rabbit serum ”’ is 
used here denoting tame rabbit serum, tame rabbits being used 
exclusively. This point has been raised, as Cumming found that 
with wild rabbit serum 30 per cent. was the optimun figure for 
hemolysin production. Investigation of the time factor showed 
that eighteen hours was the optimum time; this time had been 
fixed by McLeod as his standard. Delay in the examination 
of cultures may lead to errors, as hemolysin is very labile, there 
being rapid deterioration after twenty-four hours with whole 
cultures. In the main, whole cultures show hzemolysin pro- 
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duction over a more extended period than do supernatant fluids. 
There was some evidence, in limiting experiments, to show that 
the time of maximum hemolysin production varied with the 
concentration of serum in the culture medium; as the percentage 
of serum used in the tests was that which was best suited to 
the production of hemolysin when the incubation time was 
eighteen hours, there was little to be gained by following this 
line of investigation. It was also found to be important to use 
the appropriate cells when testing a serum broth culture—e.g., 
when using horse serum to use horse cells, and similarly with 
other types. Some strains, actively hemolytic when tested with 
corresponding serum and cells, did not give lysis when the cells 
and serum in the test were not of the same kind. Several experi- 
ments were conducted in which the hemolytic streptococcus 
was grown in serum broth containing the serum of one species, 
and after eighteen hours’ incubation these cultures were tested 
for the presence of hemolysin by cells from another species. In 
all, twenty-eight strains, actively hemolytic on blood agar 
plates and by McLeod’s definitive test, were tested by three 
methods simultaneously, using eighteen-hour cultures. These 
three methods were: 

(1) 70 per cent. rabbit serum broth, using 3 per cent. washed 
rabbit cells. 

(2) 50 per cent. horse serum broth, using 3 per cent. washed 
sheep cells. 

(3) 60 per cent. sheep serum broth, using 3 per cent. washed 
sheep cells. 

Of the twenty-eight strains tested, all were hemolytic by 
methods (1) and (3)—~.e., by McLeod’s method. In method 
(2), however, only eighteen strains showed evidence of hemolysis; 
the other ten strains showed no sign of hemolysin production. 

This type of experiment could be extended to include numerous 
varieties of serum and cells, but the above example should suffice 
to show that fallacious results may be obtained when the serum 
and the cells are of different kinds. 

The sixty strains isolated from sputum, as described in a 
previous section, were investigated by the definitive method, 
and only the four strains which gave rings of hemolysis on 
rabbit blood agar gave hemolysis in the tube test. It was thus 
shown that rabbit blood agar was essential in the plate test for 
showing true hemolysis, as it was found in the tube test. Although 
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not found to be essential in the tube test, rabbit serum and cells 
were used throughout, giving uniformity with the blood plates. 
The pseudo-hemolytic strains failed to show hemolysin by tube 
tests. The ring of clearing in human, horse and sheep blood agar 
plates, in the case of the pseudo-hemolytic strains, is evidently 
not caused by hemolysin. In view of the above findings it 
would appear that the term “ hemolytic ”’ as applied to strepto- 
cocci should be used with caution. 

The work of McLeod, Lyall and Cumming, although now 
generally recognised as significant, still receives in some quarters 
less attention than one would expect. Many still rely on the 
blood plate alone, very often blood plates of horse or human 
blood, which, as shown above, are excellent for the demonstracion 
of pseudo-hemolytic strains. 


FIBRINOLYTIC ACTIVITY 


The original work of Fry (1910) on the fibrinolytic activity of 
hemolytic streptococci was elaborated by Tillet and Garner 
(1933, 1934). The method employed to detect fibrinolytic 
activity is to clot human plasma, by the addition of calcium 
chloride, in the presence of a serum broth culture of the organism 
to be investigated. If the organism be fibrinolytic the clot 
formed will be lysed. Conversely, human plasma can be tested 
against a known fibrinolytic strain. This converse experiment 
can be applied to the investigation of rheumatism. Hadfield, 
Magee and Perry (1934) used this method in investigating acute 
rheumatism, as did Stuart Harris (1935) in cases of rheumatoid 
arthritis. 

The technique has been modified repeatedly, the method of 
Colebrook now being generally adopted. In view of the fact 
that antifibrinolytic power has been demonstrated in the plasma 
used by the present writer, a method was devised, founded on 
Colebrook’s, in which pooled plasma was used. The prepara- 
tion of the pooled plasma and the method of performing the test 
has been previously described (Stewart, 1936). 

Of the streptococci tested, only the hemolytic variety lysed 
the clot formed. Thirty-eight strains from scarlet fever cases 
gave lysis and seven did not. Of thirty-two hemolytic strains 
from tonsils, only two did not show lysis. None of the non- 
hemolytic or pseudo-hemolytic strains lysed. Thus 88 per cent. 
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of the hemolytic series were fibrinolytic. Ina larger series tested 
(269 strains) the findings were similar. Reviewing the findings, it 
was pointed out that probably about 10 per cent. of patients 
suffering from infection with hemolytic streptococci have been 
infected with non-lysing strains (Stewart, 1936). This would 
appear to place limitations on the use of the above method as 
evidence of previous infection with the hemolytic streptococcus. 

The testing of plasma of young patients for antifibrinolytic 
power as evidence of a previous attack of acute rheumatism, either 
detected or undetected, has been encouraging from the point of 
view of demonstrating the etiological significance of the hemolytic 
streptococcus. The same may be said of the work in connection 
with plasma from the middle-aged in the study of rheumatoid 
arthritis. It should be pointed out that antifibrinolytic power 
may be developed in response to other infections. Tillet and 
Garner record antifibrinolytic power following various strepto- 
coccal infections. The writer’s own blood is strongly anti- 
fibrinolytic, and this is taken to be due possibly to some non- 
rheumatic infection. The widespread nature of hemolytic 
streptococcal infection has made it difficult to assess the value 
of evidence of such infection as denoting the hemolytic strepto- 
coccus as the etiological agent in any particular disease. At 
present there would appear to be insufficient evidence of the 
antifibrinolytic power of a sufficient number of controls to allow 
of the true significance of the results in pathological cases being 
appreciated. There is no record of work to show whether a 
hemolytic streptococcus, which does not lyse fibrin in vitro, can 
produce an antifibrinolytic response in a person infected by that 
organism. 

In spite of these possible limitations of the antifibrinolytic 
test, the work on acute rheumatism and rheumatoid arthritis 
by this method has been very encouraging. 


CoLony APPEARANCE 


Cowan (1922) described rough and smooth colonies of strepto- 
cocci and Eagles (1924) also described two types of colonies. 
Griffith (1927) described three types: (a) opaque, flat, rough 
colony; (b) colony with raised opaque centre; (c) mucoid, large 
colony. Walker (1923), quoted by McLeod (1929), noted mucoid 
colonies of hemolytic streptococci which proved more virulent 
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than the colonies present on the plate. Remarking on this, 
McLeod said: “If it is possible to establish a relationship between 
the varied morphological appearance of colonies and pathogenic 
significance much time and effort may be saved.” 

Todd has done much detailed work on colony appearance, 
and the maintenance of virulence in culture by the addition of 
a catalase to prevent the accumulation of hydrogen peroxide. 
The reader is referred to the publications of Todd (1927-1930) 
on this subject. 

In a series of experiments conducted on similar lines, it was 
found that variation in the type of blood and in the type of 
peptone used gave considerable variation in the type of colony 
obtained. Murray (1935) demonstrated that the colony appear- 
ance of C. diphtheriw was influenced by the drying of the plates. 
In the same way it was shown in the present work that the state 
of the plate when inoculated influenced the colony appearance of 
the hemolytic strains, as did variation of the strength of the 
agar. Plates were inoculated in duplicate and striking differ- 
ences obtained. In addition, it was also observed that if there 
was any crowding of the colonies, the “‘ smooth ”’ type of colony 
was more in evidence, although the same strain with widely 
separated colonies showed “ rough ’’ colonies. Although moisture 
and dryness, strength of agar, and method of examination all tended 
to give different results, and although no change in colony type 
was observed after the aeration of cultures as described by Todd, 
there was more evidence in favour of Todd’s assertion that smooth 
colonies were a degenerate type as opposed to Cowan’s statement 
that the rough colonies were degenerate. It was observed that 
smooth colonies gave poor growth and tended to die out. In 
many instances an apparent luxurious growth of smooth colonies 
proved, on closer examination, that the smooth nature of the 
colonies was due to overcrowding and that replating with a 
thinner spread showed the colonies to be of a different character. 


SEROLOGY 


The classification by serological methods has been frequently 
attempted. A variety of methods has been employed, the 
absorption of agglutinins method and the precipitin method 
being the most recent. The technique adopted by Gordon and 
his co-workers (1917) in the serological classification of the 
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meningococcus and by Tulloch (1922) working with the gonococcus 
was adopted by Cumming (1927) with success. No uniform 
technique has been used by the various investigators working 
with streptococci, and the writer decided to use a technique which 
proved acceptable in work with other cocci. 

Difficulty in obtaining adequate suspensions has been fre- 
quently observed. Andrewes (1932) obtained only 48 per cent. 
of his strains in adequate suspension. Cumming (1927) dried 
and ground his strains to obtain satisfactory suspensions. This 
was the method previously used by Tulloch and his co-workers 
(1924) in their work on the serological classification of the tubercle 
bacillus. The drying and grinding method gave consistently 
satisfactory suspensions; it is undoubtedly a laborious process, but 
no satisfactory substitute was found. The preparation of anti- 
sera, the method of absorption and subsequent agglutination 
tests with suitable controls have been fully described (Cumming, 
1927). Of 157 strains from surgical sources, 136 absorbed our 
stock antiserum—.e., 87 per cent. of the surgical strains were 
of one type serologically. Gordon (1922) showed that 90 per 
cent. of his surgical hemolytic strains were of one group. Of 
Griffith’s twenty-eight types, twenty-two completely absorbed 
our stock antiserum, the remaining six giving either incomplete 
or no absorption. 

In Lancefield’s (1928) precipitin method, strains have been 
classified according to a group specific substance; in all, seven 
groups have been described. Group A contains the majority 
of the strains pathogenic to man and would appear to correspond 
to the large group previously described by Gordon (1922) and 
others. Lancefield has also described a type specific substance 
protein in nature. Griffith has obtained twenty-eight different 
types in Group A, using a slide agglutination method. He also 
uses absorbed sera for the slide tests. Andrewes (1932) com- 
mented that this method “is lacking in refinement and is 
unadapted to exact quantitative methods.’ Perhaps the state- 
ment of Stevens and Dochez (1926), who, after studying their 
strains by absorption of agglutinins, stated that they had found 
“ that the antigenic individuality of each strain is a more marked 
feature than any group characteristic,’ throws light on the diffi- 
culty of choice of method and of interpretation. From one aspect, 
the hemolytic streptococci contain one large group of about 
90 per cent. serologically identical strains, from another aspect 
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there seem to be innumerable subdivisions. After seven years’ 
study Andrewes (1932) came to the conclusion that “the more 
one studies hemolytic streptococci, the more strongly is the 
impression gained that they are in a state of constant flux in 
which it is difficult to find any firm foundation for a permanent 
systematic classification.”’ 

As has already been noted, it would appear to be entirely 
a matter of opinion whether the group specific character is 
accepted as a means of classification or whether further sub- 
division into numerous types is required to satisfy the reader. 

Eagerness to classify the hemolytic streptococci in the hope 
that an effective therapeutic serum would be produced gave an 
impetus to this work in the past. The effective actions of the 
sulphonamide group of drugs has probably removed this incentive 
—for the present, at least. Without some such incentive there 
would be a tendency for this somewhat disheartening work to 
be neglected. The recent work on acute rheumatism, however, 
has maintained the importance of the serological classification 
in the study of epidemiology, especially of strains from the naso- 
pharynx, and should produce an additional stimulus to such work. 
Too much stress cannot be laid on the necessity of the employ- 
ment of standard methods in all investigations if we are to profit 
by the correlation of results. 
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OBSERVATIONS ON THE PATHOLOGY OF 
ACUTE RHEUMATISM AND RHEUMATOID 
ARTHRITIS* 


By DOUGLAS H. COLLINS 


It is not possible in a short paper to present any comprehensive 
survey of the pathology of these two important diseases, but 
observations and experiments in recent years have led to the 
formulation of new ideas about the nature of rheumatic disease, 
and it is therefore appropriate to discuss briefly some of these 
ideas and their arguments in a critical manner. 

An important advance in the study of acute rheumatism has 
been the recognition of a certain basic pattern of elementary 
tissue changes in the lesions of the disease. Four simple patho- 
logical phenomena participate in these lesions—exudation, 
mesenchymal proliferation, connective tissue degeneration and 
leucocytic infiltration. Rheumatism affects connective tissues 
which are not highly differentiated and which are capable of 
only a limited range of types of reaction, therefore no one of these 
phenomena can be considered as specific to rheumatism, but, 
combined together in varying proportions, they lend a general 
histological character to acute rheumatism, which gives support 
from the pathological aspect to the already definite clinical 
conception of the individuality of the disease. 

Most attention has been focussed upon the connective tissue 
degeneration to which the term “ fibrinoid degeneration ’”’ or 
“fibrinoid change’’ has been given. ‘Talalajew (1929) and 
Klinge (1933), in particular, have emphasised this change, which 
they have described in great detail. Fibrinoid swelling of the 
collagen bundles of mature fibrous tissue, associated with fibrinous 
exudation into the tissue spaces (the mucinous cedema of Talala- 
jew), gives rise to a granular focus of necrosis which takes 


* Based on a paper read in the discussion on the Atiology of Acute 
Rheumatism and Rheumatoid Arthritis of the Section of Pathology, 106th 
B.M.A. Annual Meeting, Plymouth, July, 1938. 
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fibrin stains partially and possesses a fibrillar reticulated 
structure. Many now believe that fibrinoid degeneration is 
the primary tissue change in rheumatism, and that proliferation 
of mesenchymal cells and invasion of leucocytes occur secondarily 
around the necrotic focus, but Aschoff (1904) and some other 
early writers thought .that the degeneration follows cellular 
proliferation. The two processes proceed hand in hand, and it 
is often impossible in human tissues to express an opinion on 
which preceded the other. Aschoff (1938) appears still uncon- 
vinced about the course of events leading to the formation of the 
rheumatic node. My own observations on the subcutaneous 
nodule in rheumatoid arthritis (Collins, 1937) persuade me to 
believe that, in this structure at least, proliferation of connective 
tissue precedes degeneration. None the less, it is true that 
fibrinoid change is a prominent and characteristic feature of the 
rheumatic lesion. It is true also that fibrinoid change takes place 
in tissues as part of the Arthus phenomenon of local anaphylaxis, 
and that it appears to be a basic type of tissue reaction in states 
of hypersensitivity. On the similarities of the morbid histology 
of rheumatism and the experimentally produced lesions in hyper- 
sensitive animals it has been argued that rheumatism is an allergic 
manifestation. This may be so, but it must be remembered 
that fibrinoid change may also be a simple and general type of 
degeneration in a simple and common tissue. Experimental 
work by Wu (1937) and Werner (1938) indicates that fibrinoid 
swelling of collagenous connective tissue can appear under certain 
non-specific stimuli whether or not the tissues are in a state of 
hypersensitivity. Experimental work on scurvy, with or without 
the addition of infection (Rinehart, 1936; Schultz, 1936), shows 
us yet another factor which will stimulate connective tissues to 
react in ways more or less resembling the lesions of rheumatic 
fever. As we become more adept at the microscopical analysis 
of connective tissue lesions in man we shall probably find that 
fibrinoid change is not confined to the rheumatic state. Indeed, 
anyone who has studied the pathology of human connective 
tissues, or who has taken the trouble to examine such damaged 
connective tissues as those of ganglia, injured bursz and so on, 
will hesitate before interpreting any microscopic connective tissue 
degenerations as the specific result of a particular form of injury. 
The subcutaneous nodules have long been a field for patho- 
logical observations in rheumatism. There has been a general 
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tendency to consider the nodules in rheumatoid arthritis and 
acute rheumatism as identical in nature, mainly because of the 
similarity in the elementary tissue changes. I have elsewhere 
(Collins, 1937) put forward my reasons for not being prepared to 
presume the identity of rheumatic fever with rheumatoid arthritis 
simply on the grounds of a certain similarity of reaction in a 
relatively undifferentiated tissue whose reactive potentialities 
are limited. There are divergences in the subsequent growth 
ot these two types of nodules, just as there are even greater 
divergences in the clinical course of the two diseases. Even 
_ the remarkable picture of a focus of connective tissue fibrinoid 
degeneration surrounded by a corona of fibroblasts may not be 
specific to the rheumatic lesion (Fig. 1). A similar formation 
is met with in the dermis in granuloma annulare (Fig. 2), as Good- 
man and Ketron (1936) have pointed out—a skin disease which, 
though possibly associated with streptococcal infection or with 
tuberculosis (Halliwell and Ingram, 1935), has no clinical connec- 
tion with rheumatism. 

The tissue changes in acute rheumatism are frequently 
widespread throughout the body. Important amongst these 
diffuse lesions are those which concern the arteries. Rheumatic 
arteritis affects all the coats of the vessel end any combination 
of the following changes may be observed: deposition of amorphous 
fibrinoid material in the intima, which later becomes replaced by 
fibrous tissue; degeneration of the media with fragmentation of 
the elastic laminz; proliferation of fibrous tissue cells loosely 
arranged concentrically around the adventitia; infiltration of all 
coats with polymorphs, eosinophils, lymphocytes, or plasma cells 
(Fig. 3). The appearance of this arteritis sometimes closely 
resembles periarteritis nodosa, but it is said that thrombosis 
and aneurysm formation very seldom occur in rheumatic arteritis 
(Von Glahn and Pappenheimer, 1926). Polyarteritis has been 
observed frequently in rheumatic fever, but in rheumatoid 
arthritis the vascular lesions seem to be confined to the joints 
or subcutaneous nodes (Fig. 4). 

Sometimes at death in a fulminating case of rheumatic fever 
there is a diffuse interstitial infiltration of the myocardium with 
polymorphs in the absence of secondary infection. Polymorphs 
also are present in the synovial effusion both in rheumatic fever 
and in rheumatoid arthritis, but the exudation of fluid is so 
great that the effusion, though turbid, is never truly purulent. 
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The histological changes in the synovial tissue of joints in 
rheumatic fever consist of oedema, congestion, slight leucocytic 
invasion and sometimes fibrinoid degeneration of the deeper 
tissues, together with occasional foci of proliferated large mesen- 
chymal cells which may bear some slight resemblance to the 
myocardial Aschoff node. In rheumatoid arthritis the inflam- 
matory proliferation of synovial tissue is much more pronounced, 
and a particular feature is the growth of large foci of lymphocytes 
or plasma cells (Fig. 5), but it is doubtful if even this implies 
more than a general type of reaction of this tissue to any chronic 
inflammation. Swift (1936) has observed an identical appearance 
in the tendon sheath lining in traumatic tenosynovitis (Fig. 6). 

Too much attention has been paid in this country to identifying 
acute rheumatism with rheumatoid arthritis. So many of the 
pathological data which are supposed to relate the two diseases 
are of doubtful specificity. The grosser pathological appearances 
and the clinical features are quite different, and although we 
cannot deny the possibility of a relationship between them it 
seems safer, at present, to regard them as independent. For the 
investigator this is certainly the wiser course; he need not then 
find explanations of ztiology to suit both. 

In rheumatic fever the histologist can see phenomena which 
probably indicate the widespread action of a viable infective agent 
or of its soluble products, together with exudative phenomena 
resulting from tissue hypersensitivity produced as a phase of the 
infective disease (Aschoff, 1938). In rheumatoid arthritis the 
disease is more clearly localised to the joints and to the subcutane- 
ous tissues which are exposed to trauma, and in this disease an 
overwhelming infection or a fulminating course rarely supervenes. 

Rheumatic fever is pathologically and clinically so well 
defined a disease that we are almost bound to suppose that it has 
only one primary cause. The assumption of a uniform specific 
etiology for all cases of rheumatoid arthritis is less justified, 
though we may believe this to be the case in the majority of 
instances. But since various specific infections—for example, 
Malta fever, tuberculosis, and gonorrhcea—can occasion a poly- 
arthritis, the differentiation of which is only a matter of recent 
experience, we should not be too eager to assume a common 
origin for all those cases which to-day we call of unknown etiology. 

A variety of micro-organisms have been grown from the 
joints in rheumatoid arthritis, organisms which, for the most 
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Fic. 1.—RHEUMATOID ARTHRITIS. 

Subcutaneous nodule in female, aged forty-two, with rheumatoid arthritis 
for five years. Characteristic zone of fibrinoid degeneration sur- 
rounded by a palisade of fibroblast-like cells with light lymphocytic 
infiltration of surrounding connective tissue. (H. and E., x75.) 


Fic. 2.—GRANULOMA ANNULARE. 


Focus of connective tissue degeneration in dermis surrounded by palisade 
of fibroblast-like cells with light lymphocytic infiltration. The 
appearance is remarkably similar to Fig. 1. Patient was a female 
aged twenty-eight, and the tissue was removed from a patch of 
granuloma annulare on the back-of the hand which had been present 
for one year. There was no evidence or history of any form of 
rheumatism. (H. and E., x50.) 


Fic. 3.—ARTERITIS IN RHEUMATIC FEVER. 


A vessel in the first part of the aorta from a female, aged twenty, who died 
in a relapse of rheumatic fever, the first attack being seven years 
earlier. Fibrous tissue replacement of fibrinoid deposit in the 
intima; breakage of the elastic lamina; new fibrous tissue cells 
loosely arranged around the vessel causing gross thickening, and 
diffuse infiltration of all parts of the vessel with polymorphs and 
lymphocytes. (Elastica stain, x 50.) 


Fic. 4.—RHEUMATOID ARTHRITIS. 


Endarteritis of small vessel in synovial membrane of knee from female, 
aged fifty-seven, who had rheumatoid arthritis for seven years. 
Note also proliferation of synovial lining cells and infiltration with 
lymphocytes and plasma cells. (H. and E., x 135.) 


Fic. 5.—RHEUMATOID ARTHRITIS. 


Collection of lymphoid cells in synovial villus of knee-joint in same 
patient as Fig. 4. (H. and E., x45.) 


Fic. 6.—TRAUMATIC TENOSYNOVITIS. 


Collection of lymphoid cells in synovial villi of tendon sheath in chronic 
traumatic tenosynovitis from female aged thirteen years. There 
was no evidence of rheumatoid arthritis or of rheumatism. (H. and 
E., x60.) 
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part, may well have been contaminants. A far greater number of 
joint cultures have been negative. Aerobic cultures of some 
eighty joint fluids in my own cases of rheumatoid arthritis have 
been invariably sterile. For these reasons, actual bacterial 
infection of the joints is now generally denied. But can we be 
sure that the joint tisswes in the early stages of the disease are 
always sterile? In my own experience the joint fluid in rheuma- 
toid arthritis, on account of its content of polymorphs, is highly 
bactericidal, but it has been practically impossible to make 
examination of the joint tissues in the early disease. 

Graff (1936) is one of the few who claim to have demonstrated 
cocci in the synovial tissues. It is important to attempt to repeat 
this work of Griiff’s, because the conception of rheumatoid arthritis 
as a metastatic infection from a focal point of entry has much 
clinical evidence to support it and has not yet been disproved 
pathologically. 

In rheumatoid arthritis, as in rheumatic fever, the disease 
is at some phase possibly associated with a tissue hypersensitivity 
which may explain some of the exudative and degenerative 
features. The repair reactions of the connective tissue play an 
important réle in the production of the disabilities of rheumatoid 
arthritis, as one would expect from the chronicity of the disease, 
and exposure to trauma is an important localising factor. 

In conclusion, I feel that the experimental production of 
various microscopic connective tissue changes should not be too 
readily accepted as having a direct bearing on the problem 
of rheumatism. This type of work is of great importance in 
enlightening us on the potentialities of connective tissue in 
reacting to various noxious agents, but the ultimate aim of 
experimental work on rheumatism must be to reproduce a disease 
which is as closely analogous in all its objective phenomena to 
rheumatism as possible. The granulomatous lesions of the 
heart valves, of the subcutaneous tissues, and of the peripheral 
arteries, together with the hemorrhagic and infiltrative lesions 
of the early disease, are more convincing criteria of acute rheuma- 
tism than are the minutiz of tissue damage. It is probable, too, 
as I have attempted to show, that similar histological features 
may occur in unrelated diseases. Modern pathology is becoming 
increasingly full of such anomalies. More particularly is this likely 
to be so when we are dealing, as in the case of rheumatism, with 
simple connective tissues. If, therefore, experienced clinicians are 
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prepared to dissociate acute rheumatism from rheumatoid arthritis, 
the pathologist is not yet in a position to dispute them. Bacterio- 
logists, on the other hand, may one day, with fuller knowledge of 
the pathogenicity of certain common organisms, be in this position. 
Bacteriological researches in both diseases seem to incriminate 
the streptococcus. The histological findings, though unlike 
those of any hitherto proved streptococcal disease, do not weigh 
against the possibility of a streptococcal etiology. The gross 
findings are, for the most part, without precedent in our pathological 
knowledge, and the protean capabilities of the streptococcus in 
production of disease are only just beginning to be explored. 
Successful investigation of the very complicated problems of 
acute rheumatism and rheumatoid arthritis depends upon the 
closest co-operation between pathologist, bacteriologist and 
clinician. The efforts of any one of these without the help of 
the others are likely to be misdirected or to lead to false conclusions. 


The author is gratefully indebted to Dr. Walker E. Swift 
of the New York Orthopedic Hospital and Dispensary for material 
from cases of tenosynovitis, including that from which Fig. 6 
was made; to Dr. F. F. Hellier of Leeds for material from cases 
of granuloma annulare, including that illustrated in Fig. 2; and 
to Dr. J. Alex. Thomson of Harrogate for the photomicrographs. 
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A CONTRIBUTION TO THE PATHOLOGY OF 
THE RHEUMATOID TYPE OF ARTHRITIS 
AND OF RHEUMATIC FEVER (ABSTRACT)* 


By A. G. TIMBRELL FISHER 


Our knowledge of the pathological changes in the rheumatoid 
type of arthritis of so-called “ unknown etiology ”’ (synonyms: 
rheumatoid, atrophic and proliferative arthritis) has been hitherto 
founded chiefly upon the descriptions of Nichols and Richardson 
(1910), Strangeways (1918), and others. It is important to 
realise, however, that these observations are largely based upon 
investigations in the later stages of the disease, or even the stage 
of “ sequels.”” The rheumatoid type of arthritis is rarely fatal 
per se, so that opportunities for investigation of the pathological 
changes in the earlier or acute stages seldom occur, and many of 
the existing pathological descriptions are based upon post-mortem 
examinations of elderly sufferers who have died of some inter- 
current disease and in which the essential pathological features 
have become obscured by secondary osteo-arthritic or other 
changes. The same criticism applies to material hitherto ob- 
tained at operation, since there were few indications for surgery 
in the active stages of rheumatoid disease. Post-mortem exam- 
inations of patients who have succumbed to rheumatic fever are, 
of course, frequently performed, but few would deny that the 
changes in the joints in such cases have not received the con- 
sideration that they deserve. 


SouRCE OF MATERIAL 


The author has found that the operation of arthrotomy 
followed by lavage with an antiseptic solution is of great value 
in certain acute or subacute forms of arthritis of the rheumatoid 
type, particularly when such large and comparatively superficial 
joints as the knee are principally affected. In some subacute 
cases, partial synovectomy has been performed. The results in the 

* Discussion on the Aitiology of Acute Rheumatism and Rheumatoid 


Arthritis. B.M.A. Annual Meeting, Plymouth, Pathology Section, 
July 20, 1938. 
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form of subsidence of acute symptoms and rapid lowering of the 
sedimentation rate in cases which have obstinately resisted other 
forms of treatment are often striking.* These operative pro- 
cedures have, moreover, the great advantage of providing oppor- 
tunities for the pathological and bacteriological investigation of 
the joint tissues and fluids from early cases, the lack of which has 
previously been a serious obstacle to research. A short abstract 
will be given of the author’s investigations into the pathological 
histology of the synovial membrane in the earlier stages of the 
rheumatoid type of arthritis, and comparison made with the syno- 
vial changes in acute rheumatism, material from the latter cases 
being kindly provided by Professor H. M. Turnbull and Dr. W. G. 
Barnard, to whom the author owes a debt of gratitude for their 
help and criticism. The bacteriological aspect of the investiga- 
tion has been undertaken by Dr. G. Hardy Eagles (q.v.). 


PATHOLOGICAL CHANGES 


The pathological histology of the synovial membrane in the 
active stages of the rheumatoid type of arthritis shows a striking 
similarity to the changes seen in the synovial membrane in 
rheumatic fever. Attention is particularly drawn to the occur- 
rence of giant cells of the Aschoff type in the rheumatoid type 
of arthritis and to the presence in the same disease, as an almost 
constant feature, of areas of fibrinoid degeneration. This form 
of degeneration, together with Aschoff giant cells, are well recog- 
nised features of the lesions of rheumatic fever, but do not 
appear to have been previously observed in this country in the 
rheumatoid type of arthritis, although Klinge and Grzimek drew 


attention to the existence of fibrinoid degeneration in the latter 
disease in 1932. 


ILLUSTRATIVE CASEST 


1. RoEuMATOID TYPE oF ARTHRITIS.—The patient was a married 
woman aged sixty-two. Nine months before operation painful swelling in 
the right ankle suddenly developed, followed two weeks later by similar 


* A paper upon this aspect is in course of preparation. See also 
author’s case, ‘“‘ Rheumatoid Arthritis treated by Multiple Arthrotomy 
and Lavage,” O. A. Savage, Lancet, September 3, 1938. 

{ For amore detailed description see ‘‘ A Contribution to the Pathology 
of the Rheumatoid Type of Arthritis and of Rheumatic Fever: The 


Rheumatic Diseases,” Arnold and Co., 1938; and the Lancet, May 15, 
1937, p. 1162. 
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symptoms in the right knee. She received electrical treatment for several 
weeks and the joints improved ; but soon the left knee, the right wrist, and 
the metacarpo-phalangeal joints of the right index and second fingers 
became involved. All joints, except the left knee, responded to medical 
and physical treatment. No toxic focus could be discovered. 
Operation.—Long parapatellar incision on inner side of left knee. The 
synovial membrane showed hypertrophy of the synovial fringes and was 
cedematous in places. Much fibrinoid material was present, not only in 
shreds in process of exfoliation from the synovial membrane, but free 
in the joint. Early pannus extended for a short distance over the lateral 
portions of the femoral condyles, but the articular surfaces were otherwise 
uninvolved. Partial synovectomy was performed and the joint irrigated 


Fic. 1 (Case 1).—RuEUMATOID TYPE OF ARTHRITIS. 


Section of synovial membrane (70). Showing large area of fibrinoid 
degeneration above and to the left, and several focal collections of 
cells in the deeper layers. 


with Dakin’s solution. Bacteriological investigation of synovial tissues and 
fluid was negative. The infrapatellar pad of fat was chosen for micro- 
scopical examination. 

Several large areas of fibrinoid degeneration, not only of the superficial 
area, but lying more deeply, were clearly shown (Fig. 1). At this stage of the 
disease it is usually to be noted that the synovial membrane is diffusely 
infiltrated with chronic inflammatory cells, principally lymphocytes, 
plasma cells, and epithelioid histiocytes, in addition to the typical peri- 
vascular collections of cells previously described. In this type of case, 
giant cells of the Aschoff type can usually be observed (Fig. 2) if the smaller 
perivascular collections are examined, rather than the areas diffusely 
infiltrated with chronic inflammatory cells. 
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Fic. 2 (Case 1).—RHEUMATOID TYPE OF ARTHRITIS. 


Section of synovial membrane (210). Small focal collection of cells 
under higher power showing giant cells of Aschoff type. 


Fic. 3 (Case 2).—RHEUMATIC FEVER. 


Section of synovial membrane ( x 120). Above and to the right are several 
bloodvessels showing fibrinoid degeneration of the subintimal layer. 
—* and to the left are two Aschoff bodies with typical giant 
cells. 
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2. RHEUMATIC FEVER.—The patient was a girl aged nine. She was 
admitted to St. Charles’ Hospital a fortnight after the onset of illness with 
temperature and pain in the right elbow, which, however, ceased on 
admission. Pain and swelling of both ankles commenced three days 
before admission and the ankle-joints were hot, swollen, and painful. 
The temperature on admission was 99-8°, the pulse-rate 144, and respira- 
tions 26. The heart was not enlarged, but a mid-diastolic mitral murmur 
was present. 

Two weeks later, the patient became gravely ill, with extreme rest- 
lessness and incontinence. The heart was now enlarged, with canter 
rhythm and loud apical systolic bruit. The patient gradually sank and 
died. The post-mortem examination by Dr. Barnard revealed cedema of 
medulla, pons, mid-brain, basal ganglia and parietal lobe of brain, rheu- 
matic synovitis of the sterno-clavicular articulation, partially organised 
fibrinous pericarditis with Aschoff nodes in myocardium, rheumatic 
mitral endocarditis, cedema of lung with fibrinous pleurisy, and congestion 
of liver and kidneys. 

Sections of the synovial membrane of the sterno-clavicular joint reveal 
many of the specific histological features of acute rheumatism that have 
so often been described in connection with the heart. Fibrinoid de- 
generation is a prominent feature (a) of certain of the synovial villi and of 
the surface of the synovial membrane, (b) scattered diffusely throughout 
the synovial membrane, and (c) in connection with the inner coats of many 
of the bloodvessels so that the wall appears to be thickened. Many of the 
capillaries are blocked by proliferation of the endothelial layer. Around 
many of the bloodvessels are collections of cells in connection with the 
adventitia. These cells are mainly large and small lymphocytes and 
epithelioid histiocytes, with occasional plasma and mast cells. Among 
the histiocytes are some giant cells which have two, three, or even more 
nuclei (Fig. 3). These collections of cells resemble, therefore, the Aschoff 
bodies seen in the heart. 


COMMENTARY 


The results obtained in the course of this investigation appear 
to show that the pathological histology of the synovial tissues 
in the more acute stages of the rheumatoid type of arthritis and 
in acute rheumatism presents a similar and specific picture. 
The similarity of the pathological reactions in the synovial 
membrane in these clinical conditions supports the theory that 
they are manifestations of the same fundamental pathological 
process. Charcot (1881) wrote in this connection: ‘‘ There are not 
two fundamentally distinct diseases, but only two manifestations 
of one and the same diathetic state ’’; and Hawthorne (1900) 
considered that the presence of similar subcutaneous nodules in the 
two diseases showed that they were intimately related. Of recent 
years, these subcutaneous nodules have been subjected to close 
pathological study by Coates and Coombs (1926), Freund (1928), 
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Dawson (1933), Clawson and Wetherby (1932), and others, who 
have maintained that the pathological histology is identical in the 
two diseases, but Collins (1937) has more recently questioned 
this identity. McEwan (1933) has studied by means of supra- 
vital stains the cells of the subcutaneous nodules of both 
rheumatic fever and rheumatoid arthritis, and claims that the 
staining reactions of the cells in the two conditions are similar 
and differ from the cells in other granulomatous conditions, such 
as syphilis and tuberculosis. He has found the same specific 
staining reactions in the cells of the synovial membrane in 
rheumatoid arthritis. 

It is interesting to observe that the changes that have been 
described in the synovial membrane, both in acute rheumatism 
and in the rheumatoid type of arthritis in their early stages, 
show a strong resemblance to the foci in the interstitial tissue 
of the myocardium in rheumatic fever first described by Poynton 
(1899), but further elaborated by Aschoff (1906), Carey Coombs 
(1911), and others. In this investigation, the pathological 
picture, the negative results of bacteriological examination of 
the joint tissues and fluid in uncomplicated cases, together with 
the absence of polymorphonuclear reaction in the synovial 
tissues—so characteristic of other forms of arthritis associated 
with the presence of pyogenic organisms—is not in agreement 
with the hypothesis that the rheumatoid type of unknown 
etiology is due to the actual presence in the joint itself of strepto- 
cocci or other pyogenic organisms. It is a significant fact also 
that in a few cases, in which streptococci were isolated from the 
synovial membrane, typical pyogenic membrane was observed, 
intensely infiltrated with polymorphonuclear cells, and it is 
important to note that definite toxic foci were present in these 
patients in contradistinction to the previous group. It would 
appear that in these cases secondary infection has been super- 
imposed upon some other factor, the nature of which is still 
undecided. 

The etiological aspects of this research are discussed by 
Dr. G. Hardy Eagles. 
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HEBERDEN’S NODES IN A GIRL OF FIFTEEN 
YEARS OF AGE 


By J. Barnes Burt, M.D. 


K. M. S., female, age fifteen, was admitted to the Devonshire 
Hospital complaining of pains in the feet, hands, shoulders and 
spine. There was a history of pain in the hands for two years and 
in the elbows for some time longer. Two years previously she had 
been in bed for two months for some vague spinal trouble. 

Previous Diseases.—Various children’s ailments not specified. 
Tonsillectomy had been performed the previous year. 

Family History.—One aunt suffered from phthisis; no history 
of gout or rheumatism. 

Condition on Admission.—Child was fat, well nourished, and 
of good colour. There was some thickening of all the joints of 
her fingers and Heberden’s nodes on all the fingers of both hands. 
There was some tenderness over the dorsal vertebre, but no sign 
of deficiency of movement or spondylitic changes. There was 
definite panniculitis over the inner side of both knees, and the 
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thyroid was slightly enlarged. The circulatory, nervous and 
respiratory systems normal. Menstruation irregular. 


An X-ray of the hands showed typical Heberden’s nodes on all 
fingers. The metacarpal bones were somewhat broad and stunted 


Fic. 1—Broap AND STUNTED METACARPAL BONES. 


and there were some bony outgrowths on all the mid-phalangeal 
joints (Fig. 1). 

Biochemical Examination.—Sedimentation rate was normal; 
blood uric acid 3-3; the urine showed a faint trace of albumin; 
there were a few leucocytes and B. coli present. 
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In view of the condition of the metacarpal bones an X-ray 
of the skull was taken and the pituitary fossa appeared to be 


Right hand. 


Left hand. 
Fic. 2.—HEBERDEN’s NoDEs. 


normal. The enlarged 
thyroid, the panniculitis 
and the character of the 
metacarpal bones suggested 
some endocrine deficiency, 
and the patient was treated 
with thyroid and pituitary 
extract as well as baths. 

Discussion.—Heberden’s 
nodes are, according to 
Hench, the most distinctive 
expression of senescent 
arthritis. He states that, 
very rarely, certain evi- 
dences of senescent arthritis 
are seen at an age as early 
as thirty to _ thirty-five. 
The premature form may 
or may not appear in con- 
junction with other evi- 
dence of prematurity such 
as menopause, greying 
hairs, or both. Hench also 
suggests tentatively that 
Heberden’s nodes may be 
secondary to a vascular dis- 
turbance, an arteritis rather 
than arterio-sclerosis. 

The writer some years 
ago analysed 40 consecutive 
cases of Heberden’s nodes 
admitted to a Poor Law 
Institution, and came to 
the conclusion that Heber- 
den’s nodes are the result 
of mechanical stress and 
irritation of the joint mar- 


gins caused by excessive use of the affected joints or weakness 


of the ligaments due to senescence, gout or chronic arthritis. Con- 
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sidered from the mechanical point of view, these nodules serve a use- 
ful purpose; the backward pressure and in severe cases the lateral 
pressure is now borne by bone and is distributed over an increased 
surface. The notes of these cases bring out the following points: 

1. Associated Conditions.—Twelve cases, or 30 per cent., had 
evidence of chronic gout in other parts of the body; 9, or 22-5 per 
cent., had evidence of arthritis in other joints. The remaining 
47-5 per cent. were all over fifty-eight years of age. These 
figures show clearly that Heberden’s nodes are associated 
with some condition which leads to the weakening of the joint 
ligaments—either some chronic inflammatory condition such as 
chronic gout, or rheumatoid arthritis, or a degenerative change 
such as may affect all tissues in old age. 

2. Occupation and Sex.—Men: 3 cases, or 7:5 per cent. 
Women: 37 cases, or 92-5 per cent. 

Of the 3 men, 2 were joiners and 1 a bootmaker: they all 
suffered from chronic gout. It will be noticed that the occupations 
of the men necessitated special use of the last phalangeal joint. 

Of the 37 women, 9 were needlewomen or dressmakers, 1 an 
artificial flower maker, 4 were domestic servants, 4 washerwomen, 
and the remaining 19 simply did housework. 

The greater number of women of the lower and middle classes 
do needlework, and though only 9, or 22-3 per cent., of the cases 
analysed actually gained their living by it, all the women in 
this list may be considered as needlewomen. 

The large excess of women affected by Heberden’s nodes over 
men may be explained on these lines. As previously noticed in 
the case of the men, the occupations of the women lead to 
special use of the last phalangeal joint. In no case did the nodes 
appear to interfere with the use of the joint, and most of the 
patients in this list may be considered as carrying on their occu- 
pation at the time the notes were taken. 

These figures signify that occupations necessitating the special 
use of the last phalangeal joint predispose to the formation of 
Heberden’s nodes. 

3. Fingers Affected—Table showing the number of times 
Heberden’s nodes were found upon the different fingers: 


Finger. Right. Left. 
Index .. .. 34 cases, or 85 per cent. 19 cases, or 47-5 per cent. 
Middle. . .. 23 cases, or 57 per cent. 17 cases, or 42-5 per cent. 
Ring .. .. 15 cases, or 37-5 per cent. 15 cases, or 37-5 per cent. 


Little .. .. 13 cases, or 32-5 per cent. 13 cases, or 32-5 per cent. 
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Seventy per cent. of the cases showed more than one Heber- 
den’s node. Of the 12 cases, or 30 per cent., which showed only 
one Heberden’s node, 10 were on the right index finger only, 
1 was on the left index finger only, 1 was on the right middle 
finger only. 

In 11 cases, or 27-5 per cent., all the fingers of both hands 
showed Heberden’s nodes. In more than half of these (6) the 
nodes on the right index and right middle fingers were distinctly 
the most prominent. 

' These figures show that the right index finger is the commonest 
position for Heberden’s nodes, then comes the right middle or 
thimble finger; that is to say, Heberden’s nodes are most often 
found on the fingers most used. 

It is somewhat difficult to fit in the various theories as to the 
cause of Heberden’s nodes with the case described above. 

After the publication of the paper referred to above Sir Dyce 
Duckworth in a personal communication to the writer stated that 
in his experience the clergy suffered from Heberden’s nodes more 
frequently than members of other professions. The nodes were 
generally situated on the right and left index fingers. This Sir 
Dyce Duckworth ascribed to the large amount of writing, the 


right index finger holding the pen and the left index finger 
holding down the paper. 
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EMPIRE RHEUMATISM COUNCIL 


LORD HORDER’S SECOND ANNUAL REPORT 
(November, 1937, to November, 1938) 


PRESENTED TO AND ACCEPTED BY THE ANNUAL MEETING HELD ON 
Monpbay, DECEMBER 19, 1938. 


Ir is again my privilege and duty to present to you the Annual 
Report of the Empire Rheumatism Council, and to chronicle 
our progress in the war against rheumatic disease for the 
past year. 

Disclaiming any need to be apologetic—for the progress has 
been remarkable—yet I ask leave to remind you that the period 
under review has been a most difficult one in every department 
of our work. The education of the public in regard to rheumatic 
disease met the obstacle of grave preoccupation with gas masks 
and bomb-proof shelters. Appeals for funds for our work of 
research and the promotion of treatment centres were made under 
conditions of an almost general decline of the resources of the 
charitable, and had to face the competition of several pressing 
appeals which man’s inhumanity to man had made necessary. 
The building of our temple, figuratively speaking, had to be 
carried on with the sword in one hand, the trowel in the other. 

At one period of serious anxiety, indeed, we faced the possi- 
bility of having to interrupt our work, or a great part of it, for 
the duration of a war; and to put to the decision of the national 
authorities as to what should be suspended and what continued. 
You will be pleased to know that if that contingency had actually 
arisen we had ready plans which would have fallen in with the 
national interests and would have safeguarded our funds against 
wastage until interrupted tasks could be resumed under happier 
conditions. 

I wish to acknowledge again the generous co-operation of 
the Press in our educational work. In spite of other demands 
on their columns, favourable attention has been given to our 
many efforts to arouse public interest to the great gap in our 


national health defence system which exists in the former neglect 
of rheumatic disease. 
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With thankfulness we note the recent wise decision of the 
Government in regard to the treatment of cancer, and express 
the confidence that, with the growth of knowledge of the tragic 
degree of human suffering and economic loss caused by rheu- 
matism, this will also shortly be fully recognised as a national 
problem. Meanwhile the voluntary effort which our Council 
has undertaken needs to be carried on with persistent vigour. 


ORGANISATION 


The formation of an affiliated Council in Canada was noted 
last year. This year favourable progress has been made in the 
foundation of an Australian Council. Several conferences with 
representative medical men of that Dominion have been held, 
and the support of the Australian Medical Press assured. We 
learn that a forthcoming Medical Congress in our southern 
continent will devote its attention exclusively to the problems 
of rheumatic disease, and it is planned that this occasion will 
be taken for the foundation of an Australian Rheumatism Council. 

In Scotland there has been good progress; and in provincial 
centres there are to be noted movements to strengthen the 
research and treatment resources of two of our great British spas. 

Since our last meeting the Central Council has gained some 
notable additions to its ranks, as the list following this report 
shows. It will be noted that the dental profession is now well 
represented on this body. 

You will be called upon to elect for the coming year officers 
and members of the committees entrusted with the various 
departments of the Council’s work. Your Executive Committee 
have made recommendations regarding these officers and com- 
mittee members ; but it is within your power to propose alternative 
nominations, and decisions rest with the members of the Council. 

The various committees have carried out their duties during 
the year with zeal, and members have met cheerfully the heavy 
demands entailed on their time. The Scientific Advisory Com- 
mittee, in order to deal more promptly with the very great 
amount of work coming before it, has decided to form three 
sub-committees (Bacteriological, Chemical and Physical) to give 
preliminary examination to (and in some cases tests of) sug- 
gestions for treatment, new and old. The Research Advisory 
Committee has given careful attention to its most important 
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task of giving recommendations in regard to Research Grants 
and Research Fellowships. We are greatly indebted to the 
Medical Research Council for assistance in this matter. If 
some applicants have experienced disappointment from post- 
ponement or refusal of their applications they must not consider 
that as implying a criticism of the value of their proposals; they 
should rather ascribe it to the fact that the Research Advisory 
Committee must endeavour to follow a “ policy’ of research 
and give preference to what seems of more immediate importance. 
The Finance Committee maintains a constant watchfulness on 
our funds, and takes care that we shall enter into no commitments 
for which there is not adequate provision. 

The administrative work of the Council has increased greatly 
with the growth of our research and other tasks, but the increase 
has been dealt with admirably by our staff. 


RESEARCH INTO CAUSES 


The work of research undertaken by the Council is growing. 
The most recent and important part of this is the undertaking 
to set up, in co-operation with the Admiralty, a Research 
Foundation to investigate the causes and the best means of 
prevention and treatment of rheumatic disease in the training 
establishments of the Royal Navy. Up to the first decade of 
this century rheumatism was a considerable problem in H.M. 
ships. It is now rare among trained seamen; the success in 
overcoming it is probably due to the improvement of the medical 
services and the living accommodation. In the training 
establishments, however, the position cannot yet be considered 
entirely satisfactory. The Medical Service of the Admiralty and 
the Medical Staff of the naval hospitals and laboratories will 
assist fully the Empire Rheumatism Council in its investigation. 

We recognise the importance of this task, not only as a service 
to the principal line of defence of the realm, but as a highly 
promising opportunity of solving one of the chief problems of 
the causation and treatment of rheumatic disease. There will 
be opened up a wide field of research among a great number of 
youths, all of the same age group, all under disciplinary control 
and subject to medical observation over a long period. Dr. C. A. 
Green, who has a distinguished research record, comes from the 
Bacteriology Department of Edinburgh University to take 
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direct charge of the Foundation. A special ad hoc sub-committee 
consisting of Sir William Willcox, Professor Geoffrey Hadfield, 
Dr. Mervyn Gordon, Dr. W. S. C. Copeman and myself will 
supervise the work generally. The Sir Halley Stewart Trust has 
generously granted Dr. Green a Research Fellowship for three 
years to assist in this task. Every factor in the problem— 
bacteriological, biochemical and environmental—will be in- 
vestigated at the chief naval training establishments. 

Both the Alexander Maclean Research Laboratories—at the 
St. John Clinic and at the Hospitals of St. John and St. Elizabeth 
—are now in active work. 

Research grants have been approved to: 


Professor H. Woollard, University College, London (two 
grants—for research into the age changes in the weight- 
bearing joints, and into the pathology of fibrositis). 

Dr. E. H. Koerner, Guy’s Hospital, London (research 
into chronic rheumatoid arthritis). 

Dr. Cecilia Lutwak-Mann, University of Cambridge 
(research into the biochemistry of the joints). 

The Hospital of St. John and St. Elizabeth, London 
(research into occupational therapy in rheumatic disease). 


Two of these grants were made out of the funds put at our 
disposal by the Giff-Edmonds Trust. 


PROBLEMS OF TREATMENT 


The second objective of your Council, research into the best 
means of treatment, has had concurrent attention. 

A generous gift of Sir Alexander Walker enabled the Council 
to appoint Dr. W. 8S. Tegner as a Travelling Scholar to visit the 
chief treatment centres of Europe and the Eastern United States 
and report on their systems of treatment. He began his work 
on June 7, 1938, and will complete it early next year. 

Another Travelling Scholar, Dr. J. J. R. Duthie, is making 
a special study of the system of treatment of Dr. Swaim of Boston 
on behalf of the Scottish branch of our movement. 

The task of preparing a report on a system of treatment which 
might be economically applicable to a large number of sufferers, 
and even possible of application on a national scale, is actively 
proceeding. It is anticipated that this report will be completed 
during the first quarter of the New Year. 
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In the promotion of new treatment centres there has been 
some good progress. If that progress were stated in percentage 
terms of advance it would be impressive; stated in numbers it 
would not seem so striking. The fact is that on the date when 
our Council began its work the number of institutions with 
special departments for the treatment of rheumatic disease 
was very small. An investigation showed that of the great 
hospitals associated with University Medical Schools the majority 
had no specialised clinics for rheumatic disease; of all the 
hospitals in the kingdom, numbering over one thousand, less 
than fifty had special Rheumatism Departments, though of 
course all, or nearly all, treated rheumatic patients. Accepting 
as a fact—and it is safe to do so—that the vast majority of 
rheumatic sufferers have little chance of cure or of real improve- 
ment without special treatment, it can be estimated that 
specialised treatment is available for less than 10 per cent. in 
the case of adults; for less than 25 per cent. in the case of 
juveniles. It has been estimated that there are over a million 
adult sufferers in England and Wales, and about half a million 
juvenile sufferers. 

Since this matter of treatment will be more fully dealt with 
in the report mentioned in the previous paragraph, I shall not 
refer to it further now, except to express the grateful appreciation 
of the Council to those municipal bodies, voluntary hospitals and 
other institutions which have-come to our aid during the year 
in establishing, or helping to establish, new treatment centres. 


THE FUNDS OF THE COUNCIL 


During the year new subscriptions and promises under bond 
or other definite undertaking fell slightly short of doubling the 
amount gathered in the previous year. In all the circumstances 
it is not a discouraging result. We hope that the current year 
will be better, and that the Public Appeal (fixed for 1938, but 
unavoidably postponed) will reap a good harvest. To those with 
disposable wealth it may be suggested that it is not wise to be 
over-anxious for the future; and that gifts to a good cause bring 
in priceless dividends of human happiness and in no circumstances 
can depreciate in value. 
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Supplementing his report for 1938, Lord Horder announced 
that in 1939 the Empire Rheumatism Council would begin 
publication of an official journal. This would continue, and 
extend in scope, the “‘ Reports on Chronic Rheumatic Diseases,” 
hitherto published by the British Committee on Chronic 
Rheumatic Diseases of the Royal College of Physicians. That 
body had decided that its task was completed with the formation 
of the Empire Rheumatism Council, and therefore had dissolved, 
The Council was invited to take, and accepted, the responsibility 
of continuing the publication of its ‘‘ Reports on Chronic 
Rheumatic Diseases.’’ In January would begin publication of 
a new series, 7'he Rheumatic Diseases, under the able editorship 
of Dr. Buckley, Dr. Copeman and Mr. Timbrell Fisher. 

The Finance Committee’s report, presented by Mr. T. W. 
Robinson, and adopted, showed that the total amount made 
available for the Council’s work up to October 31, 1938, was 
£45,327. Most of this was pledged for tasks undertaken, though 
an adequate reserve of unallocated funds had been maintained. 
At least £100,000 additional was needed to carry out the Council’s 
programme. 
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The Synovial Membrane and the Synovial Fluid. By Davin M. Kina, 
M.D. Published by Medical Press, Los Angeles. 


Tus is the first published book devoted solely to synovial membrane 
and synovial fluid. The lack of enterprise shown by previous genera- 
tions is not surprising: this net of knowledge has more holes in it 
than the numerous threads of speculation which link them together 
warrant. Even now facts are so fragmentary and incomplete, so 
many of the older observations are, if not erroneous, valueless or not 
to be trusted, that an author is hard put to it to fill the pages. 

Dr. Kling has not been content with reviewing the known facts 
and pointing out some of the holes. He has endeavoured to fill them, 
and this book gives full accounts of the aspects in which he has been 
most interested, such as the precipitation of mucin by acetic acid 
(‘sac and tube formation ’’), the development of the toluidine blue 
stains for demonstrating mucin, etc. There are roughly 225 pages 
of text, containing 80 figures and 34 tables. This is based on 334 
listed and a few unlisted references, besides the author’s personal 
observations. There is a great deal of energy expended in an effort 
to render a critical evaluation of matters of history. 

Each part is prefaced by an historical outline to give the reader 
an idea of the perspective, which is, rightly enough, occupied chiefly 
with the immediate foreground. He emphasises deservedly that 
information should always accompany specimens of synovial membrane 
as to exactly what region in the joint is represented, as structure varies 
greatly from place to place. In the chapter headed ‘“ Physiology ” 
there is found a short summary of the various absorptions from and 
excretions into the joint cavity. He cites Curtis and Brunschwig that 
cases of osteo-arthritis show a high rate of absorption (borne out by 
his own case in Table III., which gave the highest phenolsulphone- 
phthalein clearance). This is taken to mean an increased local blood 
supply. Yet further back we read: ‘“‘ Mal-development of the circula- 
tory network of the synovial membrane will not only intérfere with 
nutrition, but will lower the resistance of the articular structures by 
insufficient dissipation of the heat generated during motion. This is 
a factor in the development of degenerative changes, especially in 
osteo-arthritis.” This is theory, not fact, to say the least of it. There 
is failure to stress that absorption will vary according to the volume 
of the effusion (or rather to the surface exposed). 
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Part II. deals with the synovial fluid and with the vexed question 
whether it is a secretion or no. The author comes down with an 
emphatic affirmative, and considers that mucin is the characteristic 
secretion product. A cogent argument in favour is the demonstration 
of mucin in metastatic nodules of synovium. Is this only by histological 
criteria ? It will be very interesting to see if this is confirmed by 
chemical methods. 

Demur must be made on several points. ‘“‘ The nutritional value 
of the small quantity of normal synovial fluid is insignificant,” says 
the author, on what evidence he does not say. It seems probable, 
however, that normal synovial fluid supplies the articular cartilage 
directly with nutritive substances, and that this is significant for the 
first fifty years of life, at least. As regards the major substrate 
substances, it only differs very slightly, and in quantity only, from 
pathological fluid, which, Kling allows, “may contain considerable 
quantities of plasma proteins and glucose derived from the circulation ”’ 
sufficient for nutrition and growth of loose bodies. Pathological 
fluids differ from the normal only in increased quantity and in proteins; 
the glucose concentration, except in traumatic effusions, is usually 
lower, not higher. 

In his demonstration of the protective rdle of mucin against 
increased acidity, “the first safeguard for the maintenance of the 
high alkalinity ’ which he considers normal, the author fails to appreciate 
that the primary buffering factor is bicarbonate, as has been shown 
conclusively with gastric mucin in the stomach. In the joint “ the 
acid-binding power of septic effusions is reduced,” not, as is asserted, 
because of the “decreased mucin,” but because the production of 
acid is too rapid for the normal buffering by bicarbonate dialysate 
from blood. It is unproven and unlikely that “increased acidity 
due to acid metabolites leads to the precipitation of blood colloids, 
especially fibrin,’ and that “‘ the precipitation of mucin occurs around 
pH 7-6.” It does not occur until pH 5, and is complete only at 
pH 4-2. Fremont Smith has not “shown that in joint effusions 
the diffusible constituents of plasma are found in concentrations which 
follow the Donnan law.” He and Dailey dealt with protein and 
chloride alone, and said specifically that their data indicated a simple 
membrane equilibrium, but until several errors had been ascertained 
“should not be accepted .as a quantitative demonstration of the 
Donnan membrane ratio.’ Calcium has since been found to behave 
quite differently from other bases in synovial fluid, possibly because 
of some combination with mucin (Ropes). Miller is quoted as saying 
that normal human joints are under a negative pressure of 6 to 12 mm. 
water. This would need a magician to prove; and unfortunately 
Miller is not listed in the bibliography. 


The chapter on Bacteriology is more critical. Ingenious, too, is 
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the method of comparing sedimentation rates of equal volumes of 
corpuscles in plasma and synovial fluid, and the results in a series 
of 130 are highly interesting, but, being complicated by varying 
viscosity, are somewhat hard to interpret. 

Part IV. reviews fully the therapeutic and diagnostic indications 
and technique of aspirations and less widely practised procedures 
such as direct visualisation, lavage, gas insufflation and the use of 
radio-opaque media. Certainly double contrast roentgengrams give 
in some cases a very clear idea of what America calls “ joint pathology ” 
(what we would call morbid anatomy), and could be more widely 
used, in spite of the slight inflammation which often ensues. 

This book is of value in stimulating interest in these problems. 
Some of its author’s opinions will certainly provoke violent disagree- 
ment, and many of them will probably have to be modified as 
knowledge in this field advances, which it is doing rapidly. On the 
east coast of the States, particularly, there is an enormous amount 
of research proceeding, which, when it emerges, will be worth all the 
isolated and familiar figures from Von Holst’s downwards. Its 
value will lie not so much in its accuracy, not so much that it will 
deal with large numbers of observations, but that the observations, 
let us say on pathological synovial fluid proteins, will be correlated 
with adequate clinical records, roentgengrams, blood proteins, sugar, 
chlorides, viscosity, cytology, etc. A long-term research policy such 
as this will render clearer some of the problems dealt with in this 
book; it is to such long-term research that the Empire Rheumatism 
Council is devoting much of its resources. 


E. G. L. BywaTers. 


Focal Infection and Arthritis in the Light of Experiment. By Esnar 
JARLOV and OVE Brincu. Lassen and Stiedl, Copenhagen, 1938. 


The etiology of arthritis is still an unsolved problem. The part 
played by infection is, however, well recognised, and the trend of 
modern thought is to regard arthritis, more especialiy the rheumatoid 
(infective) type, as a streptococcal infection arising from some focus 
in the body, which may be associated with the teeth, tonsils, nasal 
sinuses, gall bladder, intestinal or genito-urinary tracts. Ejnar Jarlov 
and Ove Brinch, in an important monograph, have recently reviewed 
the subject of focal infection and arthritis. This study is based on 
experimental evidence on rabbits, thoroughly investigated and followed 
up for varying periods. They discuss fully the pathological histology 
of the dental and paradental tissues. There is an excellent chapter 
devoted to the pathological anatomy of the arthritic lesion and the 
examination of one thousand histological specimens of joints and organs. 
Observation on the locomotion of rabbits following bacterial injection 
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has been carefully carried out by means of slow-motion pictures, which 
have revealed more about the progressive stages of the crippling than 
the casual examination of the animals could possibly have done. 

Investigations were made both with the ‘short chained,”’ pre. 
sumably the viridans streptococcus, and the more virulent hemolytic 
type, these organisms having been previously recovered from focal 
infections in the human subject. The general conclusions were 
similar to those drawn by Rosenow, Siegmund, and others—namely, 
that different strains of streptococci display differing tendencies in the 
production of inflammatory lesions. There was insufficient evidence 
from the experimental data to show whether the lesions were due to 
a peculiarity of the bacteria or to a special tissue affinity, or both. 
The tendency was for the low-grade infecting streptococci to give 
a higher percentage of infected joints. The symptom complex of 
rheumatic fever as in man was not produced even by the more virulent 
types of streptococci. The conclusion drawn by the authors is that 
rheumatic fever is xtiologically different from the chronic rheumatic 
diseases. 

Experimental evidence suggested a close relation between osteo- 
arthritis and rheumatoid arthritis. Although this may be criticised 
on clinical grounds, the reviewer of this monograph has found that in 
a small percentage of cases of osteo-arthritis the suspension stability 
rate is rapid and the antistreptolysin titre of the blood is high, suggest- 
ing that an infective process is at work. A careful follow-up of these 
cases, however, later revealed that they were of the nature of true 
rheumatoid arthritis and not osteo-arthritis. There is no doubt that 
the observations made lead to the conclusion that the infection is of 
hematogenous origin, since there were pathological changes of toxic 
character involving the parenchymatous tissues of the liver and other 
internal organs. It is an unsolved problem as to whether it is the 
direct action of the streptococci themselves or their antigens or waste 
products (exo- or endotoxins) that cause the changes in the joints. 
The probability is that the endotoxins of the organisms are responsible, 
and that they cause an endarteritis obliterans in the capillaries of the 
joints, leading to the pathological changes which are described. ‘This 
theory is supported by the work of Hadjopoulos and Burbank in 
America, and the present reviewer in this country. In conclusion, it 
is important to emphasise that the authors lay stress on a detailed 
investigation and thorough treatment of infective foci in the early 
stages of rheumatic disease when there are few signs of joint changes 
in the patient, a detail often overlooked. The careful researches of 
Jarlov and Brinch deserve the attention of all who are interested in 
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SPAS’ CONTRIBUTION 
TO THE EFFORT 


|. A planned course of treatment by 
the internal and external application 
of natural mineral waters under spe- 
cialised medical direction. 


2. Exceptional facilities in their fully 
equipped Bathing Establishments for 
those hydrological methods which 
have been proved effective in the 
treatment of rheumatic conditions. 


3. The experience afforded through large 
National hospitals specialising in 
rheumatic cases. 


4. An environment of encouragement ; 
pleasant places, varied entertainment, 
helpful climate. 


THE BRITISH SPAS provide treatment at reasonable cost—in many 


cases at inclusive terms—and there are hotels to meet all requirements. 


The physicians are always anxious to work in conjunction with the patient’s 
home doctor and members of the medical profession are specially invited to 
visit the Spas and make free trial of any of the treatments. 


INQUIRIES may be addressed to The Honorary Secretary of The 
British Spas Federation, The Pump Room, Bath, or to the Manager 
of any of the following Spas, all of which are members of the British 
Spas Federation. 


HARROGATE BATH BRIDGE OF ALLAN BUXTON 
CHELTENHAM DROITWICH LLANDRINDOD WELLS 


LEAMINGTON STRATHPEFFER TREFRIW WOODHALL SPA 
THE NEW ZEALAND SPAS 
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ABERGEL 


Main Entrance to Kinmel Hall. 


INMEL HALL is unique and has called forth high 
commendation from members of the Medical Profession 
who have visited this unusual Spa. 


Patients have been recommended for treatment here by 
some of the most distinguished Physicians. 


The most modern treatments are given under the supervision of a 
resident Physician, and include the famous Pistany Mud, Scotch 
Douche, as well as the latest Electro Therapy. 


All treatments are given in an isolated wing of the building, which is 
one of the most beautiful country mansions in the country, taste- 
fully and comfortably furnished and equipped. 


The surrounding 1,000 acres of parkland, include a private golf 
course, swimm'ng pool, hard and grass tennis courts, squash, bad- 
minton, etc., with every conceivable recreation and am. 2ment for 
the guests. 


Those interested in the treatment of 
Rheumatic and Bronchial ailments are 
cordially invited to visit Kinmel Hall. 


The charges and terms for residence 
and treatments are modest. 


of ee Send for beautifully illustrated 


Brochure, post free, from Secretary. 
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KI-UMA Antiphlogistic Pain Relieving Plasters are supplied 
ready for application after heating before fire or other source 
of dry heat. No boiling water or mess. Can be re-heated 
and re-applied several times (effective life, 20 hours). 


Extensive experience shows that excellent results are 
obtained from this newer trouble-free method. One of the 
largest consumers of KI-UMA Antiphlogistic Plasters is 
the Royal National Hospital for Rheumatic Diseases at 
Bath. 


Containing Colloidal Kaolin, KI- UMA Antiphlogistic Plasters 
possess heat-retaining properties of the highest order. The 
combination of the new Salicylic Ester (S.E.D.), Glycerine 
and the unique Bassiz Parkii promotes a continuous Thera- 
peutic action, which antagonises Toxins, quickly relieves 
Pain and reduces Swellings. 


Supplied Six Plasters in Box: 4in. x 4in., 
6 in. x 6 in., 6 in. x 10 in., 9 in. x 9 in.; 


Clinical Sample Box and literature Free on 
request from the Managing Director : 


KI-UMA, Ltd. 


48, CIRCUS PLACE, BATH 
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SOLUBLE, DIGESTIBLE 


ASSIMILABLE SULPHUR 
MEDICATION AGAINST 


RHEUMATISM 


We beg to announce that a process has been developed whereby 
ordinary Sulphur is treated in such a way (without the use of acids 
or alkalis) as to produce a light ORGANIC SULPHUR COMPOUND 
known as VIOSULFAL. 


VIOSULFAL is an organically bound compound of Sulphur, lodine and 
Magnesium producing a light organic preparation that cannot form 
H,S and which retains its properties indefinitely. 


It is digestible and assimilable by the blood. 


Clinical observation has shown the importance of SULPHUR 
Therapy in Rheumatism for correcting resultant disturbances in 
Sulphur Metabolism, promoting Oxidation and replacing the normal 
Sulphur losses in the organism. 


Comprehensive tests, carried out in various Rheumatism Clinics, 
show consistently encouraging results. In addition the patients 
show a marked improvement in general health. 


Clinical samples and further information will be sent upon request. 


MANUFACTURED in ENGLAND 


BY 
VIOSULFAL 
LIMITED Suiphor 


j For the treatment of 

MUSCULAR RHEUMATIN, 

ARTHRITIS, MEURITIS. 
Y LUMBAGO, SCIATICA 


4 FAL LTD. 


4-7, FINSBURY COURT 
FINSBURY PAVEMENT 
LONDON, E.C. 2 


Telephones : NAT. 0956-8875 Telegrams : Sulbromio-Ave, London 
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A SURVEY OF 
CHRONIC RHEUMATIC 
DISEASES 


Contributed by contemporary authorities in commemoration 
of the Bicentenary of the Royal National Hospital for 
Rheumatic Diseases, Bath 


Compiled under the direction of the following Editorial Committee : 


R. G. GORDON, M.D., D.Se., F.R.C.P. 
J. BARNES BURT, M.D. 

R. WATERHOUSE, M.D., F.R.C.P. 
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